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EOSDIS Core System (ECS) Modeling Assessment Report

1. EXECUTIVE SUMMARY

This technical analysis report (TAR) presents the results of an independent assessment, conducted
by the EOSDIS V&V teanduring the period from 15 September 1994 taoJ&iuaryl995, to
evaluate thanodeling activity being performed lihe ECSdevelopmentcontractor,Hughes
Applied Information System@1AIS). The objective of the independeamalysis is tgrovide the
ESDIS Projectwith objective insights intahe validity of the underlying assumptions and
predictive quality othe models tosupport the EC®reliminary Design Revie@PDR) evaluation
by the Government. The results presentatlisreportfocus on the state of thmodels (i.e., the
level of maturity attained) at thime theywere used to generate predictionsupport of the
PDR. Detailedanalyses othe system-level modeling activitiessociated with user loading and
demand (User Model), productiolvading (Production Model), system architecture and
performance (Performance Model), arwbt estimation(Cost Model) have denconducted. A
summary of findings for each of these areas follows.

User Model

The User Model, also referred to as thall" model, describethe interaction of Earthcience
researchers and other users with the EOSDIS. It characterizes the userdesdribyngwvho the
users are, whanformation they need and when, amow they ardikely to interact with the
EOSDIS. The IV&V analysis focused on thefollowing aspects of User Modeling: user
characterization, user scenarios, user services, and product access requirements.

The characterization of user demography prmbuctdemand is still inprogress by the ECS
contractor. Therefore, the results presented herpraliminaryand based on a snapshotiine

of ongoing User Modeling activities. Tlamalysiswas further constrained loglays in IV&V
accessibility tothe PDRTechnical Baseline anavailability of ECS contractor Usevlodeling
documentation. To date, the HAIS characterization of deenography appears reasonable,
however the maturitievel of this activity isomewhatimited pendingcompletion of an ongoing
survey. The user scenarios do not adequately represent the expected distrisatemte®iusers;
this could potentially result in incorrect estimates of user servicelaadequirements that are
key inputs intathe Performance Model. Although uservices informatiorfe.g., service types,
frequency of access, anticipated useatsitified thus far, adequately represents the scenarios, its
usefulness is limitebecause it is based on scenatlest may not represent thiaterests of the
entire usecommunity. Accurate assessment of user requirementddta and products from the
EOSDIS is an important input into the Performance MoUOeis activity has achievelimited
maturity; information gathering and modeling in this aaea ongoing. The IV&\analysis has
identified a number oéreas where additionalork is needed to adequately represent the user
characterization and requirements. Continued moddifayts in this areaare essential for
achieving long-term user satisfaction.

Production Model

The Production Model, also referred to as the "push" model, describssighee generation
process;nominally, the transformation dfevel O input to Level 1, 2, 3, andptoducts. The
purpose of the model is to predict the steady-state and exceptional processing necésidzey to
trustedsciencedata to the EOSDI&rchives when required. The IV&&nalysisfocused on a

EOSVV-0506-02/10/95 1-1
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preliminary evaluation atfhe following: impact ofthe mission redefinition (followinghe System
Design Review(SDR)) on the Production Model; instrumgmtoduct availability at various
epochs; dataependencies fgiroductgeneration; and the translation of produciitiormation
provided by the Ad Ho®Working Group on Production (AHWGP) tmput parameters for the
Performance Model.

Analysisresults presented in thigport arepreliminary due to several constraintee delayed
availability ofthe model forthe 1IV&V analysisithe version reviewed lackéanctionality and did
not incorporateall the data provided by tlHWGP; lack of documentation describittge ECS
contractor’'s ProductioModeling analyses; delayed accessibilitthe PDRTechnical Baseline;
and theredefinition of ECS responsibilities resulting frorthe EOSMission Profile rebaseline.
Although there were severhmitations, the analysisresultsclearly identify problemareas and
potential issues. Areas of concaroludethe largediscrepancies ithe processing loads and data
requirements provided by the AHWGP, the PD&thnical Baseline, artie resourcallocation
by the ESDIS Project. Issueslating to thammaturity ofthe modelwere alsoidentified. For
examplethe version of thenodel analyzedoes nofully account forall events that are expected
to occurduring the four PDR epochédditional analysis isecommended to furthexxamine
ProductionModeling issues such as thesevesl as assess théechnical integrity and user
satisfaction aspects of the model.

Performance Model

The Performance Model is intended to providge@initive basidor evaluating alternative ECS
architectures capable of supporting user and production demands (as predibeed)bgr and
Production Models), ane@valuating architectural sensitivities to predictive uncertaintibis
model is implemented usindpe Block Oriented Networ8imulator (BONeS) discrete-event
simulation modelingool. The V&V analysisfocused on the evaluation awrdlidation of the
following: completeness and accuracy the BONeSmodel representation dahe system
functions, distributed architecture, and push gndl” workloads; derivation and usage of the
model input parameters; soundness of performance statistics collection defivechaalel; and
the overall structure of the model to support evolvability.

Analysis results presented in thigport arepreliminary due to several factorthe delayed
availability of the model forthe IV&V analysis; lack ofdocumentation describinthe ECS
contractor’'s Performance Modeling analyses;taedact that nanodelingresults werelelivered

with the model. Inight of these constraints, thenalysishas identified problems and potential
issues. The mostnmediate issue e need for the ECS modeling teanetihance some areas
andfully integrate thenodel sahat ananalysis othe push antpull” workloads togethecan be
performed. The consequencenaft performing these enhancements is underestimation of delay
and processoutilization, which could potentially result in underestimatedsts. A second
problem area ithe need for a more accurate representati@ysienresources that aessential

to accurately predict performance and resosiziag. In some casdbe model representations
will result in overestimated delays, andiher cases underestimatglays.Both of these cases
have potentiakost implications: overestimated or underestimatedts. Follow-onanalysis is
recommended to furtheexamine Performance Modeling issues such as these using the
methodology and evaluation criteria defined in this report.

1-2 EOSVV-0506-02/10/95
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Cost Model

The CostModel provides resource estimates required to developpedte ECSrchitectural

alternatives (apartially derived fronthe Performance Modehithin scheduleconstraints. The
IV&V analysisfocused on apreliminary evaluation othe Cost Modelimplemented as a
collection of three independent estimation modetsnmercial Off-The-SheffCOTS) hardware
and software models, used to estimate hardware, software, and procwesteand perform

costimpact analysis; austom software model, used to estimate $&e| of effort, schedules,
and associated costs for custom developed software; and an operatiomsirdgadance model,
used to estimate personnel costs associated with ECS operations and maintenance.

Information tosupport the CosModel analysiswas obtainegbrimarily throughinterviews and
discussions witlthe ECS contractor. Thenalysiswas constrained hyot havingthe models and
pertinent cost information in hand. Therefore, rather than filravconclusions, the results of the
Cost Model analysispoint to several areas where potential problems could &&se.issues
include: lack of difecycle Cost Malel; trade studies that ateased on restricted input; use of
conservative parameters; and a custom software estimation apgraachuntestedGiven the
current CosModel implementationthere is no integrateshechanism teestimatelifecycle costs
and subsequently perform what-if analyd&shout thiscapability, it is difficult to analyze the
lifecycle benefits odrawbacks ofmplementingalternative solutions. The lack of an integrated
lifecycle CostModel could result in tradanalyses based amly asubset ofcost datasuch as
COTS hardware and softwaoests. The resultsan bemisleadingand actually lead to design
decisionghatincrease, rather than decreaswsts. Ofequal concern is the potentthht some of

the modeling parametensay betoo conservative. Although some degree of conservatiagnbe
warranted in theesarly stages of thdifecycle, overlyconservative estimates can have negative
implications such athe unnecessary de-scoping of systems. fiifa issue pertains tthe custom
software estimation approach. The method used is unprovaubterdially underparameterized.
Performing an independent second estimate using a different model is strongly recommended.

Conclusion

Our overriding conclusion is that the ECS User, Production, and Performance modelsyat the
of maturity attained tosupport PDR areoo immature to providereliable predictions of
performance (seExhibit 1-1). Material presented at PDR based upon timesdels (except for
some venyfimited cases) is suspedthis shouldnot be read as andictment ofthe organizations
or people who have strived to do extremely difficult job in a verghort period otime. Based
upon ourassessment of accomplishmentdate, the effort coulgield a viablymature set of
user, production, and Performance Models by late-April to mid-May of this year.

EOSVV-0506-02/10/95 1-3
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Model Class Model Element PDR Maturity Maturity Metrics
User Model overal [ 2 |
User Characterization (Who) 2 0: Nil Maturity
User Access Rqts (What,When) 1 1: Limited Maturity
User Scenarios (How) 2 2: Somewhat Limited
User Services 2 3: Fully Mature
Production Model
‘TRMM: CERES D: Validated By The
TRMM: LIS 2? Developer(s)
TRMM: VIRS, PR, TMI 2? V: Validated By The
AM-1: MODIS 2 IV&V Team
AM-1: MISR 2 ?: Estimated Based On
AM-1: MOPITT 2 Limited IV&V Inputs
AM-1: CERES 2
AM-1: ASTER 2
Landsat 7: ETM+ 0?
Follow-On Missions: ADEOS, 0?
DAO (R. Rood's Products) 0?
VO: Migrated Datasets
Performance Model —
System Design Representation
Workload Parameters 1?
Performance Statistics 1?
Model Structure
Cost Model —
COTS H/W & S/W
Custom S/W 2?
Operations & Maintenance 2?
Model Interfaces (incl. Perf Mod) 1?

EXHIBIT 1-1: Model Maturity Levels

To The Reader: If your planned reading of this document is limited to the Executive Summary,
please consider also reading Section 2.4 (Background Information) to gain a full understanding
of the context within which we arrived at our conclusions and recommendations.
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2. INTRODUCTION

This section providemtroductory information pertinent to thESOSDIS 1V&V “EOSDIS Core
System (ECS) Modeling Assessment Report”. The purpose épbet,objectives and scope of
the analysis, and relevant background information and references follow.

2.1 Purpose of the Report

The purpose athis technical analysieport (TAR) is todocument the results of amdependent
assessment of tHeCS contractor’'s modelingctivity that was conducted by the EOSOMRYV
team over the period 15 September 1994 tdd&iuaryl995. This TAR documentg&entified
problems and potential issu@scluding their relative severity and possible advaraplications
for employing the models toreliably predict ECS performance arabst (development and
operation) estimatedhis TAR isthe second in a series rejportsand followsthe preliminary
report [1] which was limited in scope to an independe®OSDIS user characterization
assessment.

2.2 Objective of the Analysis

The objective of thisanalysis is to independentlyssess the EC#&odeling activity being
performed by the EC8evelopmentontractor (Hughe8pplied Information Systenf$lAlS]) to
provide the ESDIS Projeegtith objective insightsnito thevalidity of the underlying assumptions
and predictive quality othe models tosupport the ECSreliminary Design RevieWPDR)
evaluation by the Government.

2.3 Scope of the Analysis

This analysis examines system-level modeling activetss®ciated with: 1) user and production
loading, 2) system architecture and performance, acds?estimation. The scope limited to
the state of thenodels (i.e.thelevel of maturity attained) at thigme theywere used to generate
predictions in support of PDR. The analysis daggxamine subsystem level modeling activities
(i.,e., DADS, etc.)which indirectly affectthe quality of system level models by providing
parametric drivers, typically in the form of subsystem response characteristics.

2.4 Background Information

The ECSmodeling activity focuses othe formulation andmplementation offour classes of
interrelated models: the User Model, Production Model, Performance ModeTL,oahilodel.
Exhibit 2-1 illustrates the contexwithin which the models interact to generate predictions of
performance andost. Thefollowing discussion is keyed to this exhibithe discussiodoes not
address the correctness of the context. That is the subject of later sections of this TAR.

EOSVV-0506-02/10/95 2-1
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The User Model describes the interaction of Earth-science researchath@ndserwith the
EOSDIS (th&'pull” model). This model is intended poedict what the user needs dadding
will be for the EOSDIS and how tleemands v vary, over time, as mom@pabilities come on-
line and usergainmore experience with the system. Thiféerent types of users (sé&xhibit 2-
2) have been surveyed with somewhiaited utility so far. Anew survey, th&€OSDIS &
General Science User Surv@lyGSUS), isbeing distributed byHAIS, via MOSAIC, to better
identify what set(s) ociencedata products—from kst of productsavailableover time—are of
interest to the users and how and to what extentrttagynteract with theeOSDIS. Thausers’
stated interaction scripts are compiled istenarios (se&xhibit 2-3). The results ofthis
compilationare then translated into usarvices (se&xhibit 2-4) thatform the basisfor the
Performance Model'$pull” workload characterization. The temporal detars derivedrom
therelative access frequency distributions of services (as indicatesl scenariosyithin epochs
of time (seeExhibit 2-5) thatclosely map to mission milestonesThese spreadsheet- based
workload distributions ardinally translated,manually, intothe Performance Modelisput
parameter tables. As the ECS matures and current Version 0 (VO) user-intenaetsoinements
become available, it should be possible to calibtfeenodel with real-world information and
generate workload predictions with progressively improving confidence.

The ECS Contractor View: The USGCRP View
Traditional Disciplines Global Change Research Areas
Atmosphere (atm) Climate and Hydrologic Systems (chs)
Cryosphere (cryo) Biogeochemical Dynamics (biodyn)
Land (land) Ecological Systems and Dynamics (eco)
Ocean (ocean) Human Interactions (humint)
Earth System History (hist)
Solid Earth Processes (solid)
Solar Influences (solar)

TU.S. Global Change Research Program

EXHIBIT 2-2: The EOSDIS Users (Researchers)—Two Perspectives

EOSVV-0506-02/10/95 2-3
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Science USGCRP
Scen. No. Scenario Description Discipline Research Area
1 Ph.D. student needs information for dissertation literature review e
2 Researcher studying lightning associated with flash floods atm chs
3 Test ecological theory regarding vegetation competition in grasslands across land €co
the central United States
4 International researcher (Scotland) developing forest model land €co
5 Earth-science researcher wishes to access electronic journal
6 Regional park land management land €co
7 Development of method to integrate data sets of varing resolutions land €co
8 Study of biomass burning land €co
9 Undergrad. in remote sensing class needs info on EOS instruments and data land €co
sets
10A Land-surface hydrologic model land chs
10B Validation of cloud properties with field data atm chs
11A Arctic ice pack response to weather cryo chs
11B Derivation of snow water equivalents cryo chs
11C Radiative fluxes over sea ice cryo chs
12 Mid-latitude and tropical interactions—precipitation forcing atm chs
13 Earth-science community user; e.g., university prof., radiation budget atm chs
14 Development of automated show mapping procedure (Sequoia 2000 land chs
scenario)
15 NOAA researcher studying seasonal and diurnal variation in regional lightning atm chs
distribution
16 Southern ocean large scale circulation ocean chs
18 Watershed modeler updating model inputs and providing output to the land chs
EOSDIS
19 Biogeochemical fluxes at the ocean/atmosphere interface ocean bio
20 IS| global water cycle; includes model verification through field studies land chs
22A Thermal alarm system for detection of volcanic eruptions land solid
22B Climatic and tectonic processes in the Andes mountains land solid
23A Stratospheric chemistry and dynamics atm chs
23B Validation of passive microwave algorithm for precipitation retrieval atm chs
24 EOS instrument investigator; e.g., MODIS, ocean color ocean chs

Scenario distribution according to...
Science disciplineatm-7, land-12, cryo-3, ocean-3, no pref-2

USGCRP area

2-4

chs-16, biodyn-1, eco-6, solid-2, hist-0, humint-0, solar-0, no pref-2.

EXHIBIT 2-3: The EOSDIS User Scenarios
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User Service Class Number of Discrete
Functions/Services
Search 4
Manipulate 21
Inspect 13
Archive 6
Ingest 1
Produce 1
Other 3
Total 49

EXHIBIT 2-4: The EOSDIS User Services

Epoch | PDR Date Coverage Mission Events
Priority
A High Dec 96 - Jun 97 IR-1, VO Dataset Migration
B High Jul 97 - Dec 97| TRMM (CERES, LIS, VIRS, PR, TMI)
C Hiah Jan98-Jun98 EOS AM-1(ASTER CERES MISR. MODIS
D Low Jul 98 - Dec 98| Landsat 7 (ETM+)
E High Jan 99 -Jun 99 ADEOS Il, CNES or GFO,ACRIMSAT
F-L n/a Jul 99 - Dec 02 (Out of PDR Scope)

EXHIBIT 2-5: The EOSDIS Epochs

The Production Model describes tbeienceproduct generation processgominally, Level 0

input transformation to Levels/2/3/4 products—th&ush” model). This model is intended to
predict the steady-state and exceptional processing necessary totdestigdsciencedata to the
EOSDIS archives when required by the users. The inputs tooidhelare currently derivefiom

the workbeing performed bthe Ad HocWorking Group for Production (AHWGPXhaired by

Dr. Bruce Barkstromand theAlgorithm Theoretical Basis Documents (ATBDs) generated by
each of th&eOSinstrument teams (sé&echibit 2-6). The ATBDsdescribe thescientific rationale

for each discrete product. These inputs are translated into sets of dei@npeoduction process
characteristics for each instrument. Each EOSDIS epaibdivided bythe quarter-year, into
which the applicable processes are assigned. This information forms the basis for the Performance
Model's “push” workload characterization, ovéime: data arrival rates andvolumes,
process/archivephysical location(s), process sequencing, inter-product dependeriakty
control, algorithm integration antést; and the computation&ansient/archivelata storage, and
data transport requirements. These spreadsheet-based wodkktakdutions arefinally
translatedmanually, intathe Performance Model’s input parameter tables. As the ECS matures,
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it should be possible to calibratee model with real-world information and generate workload
predictions with progressively improving confidence.

Mission Instruments or Equivalents
TRMM CERES, LIS, VIRS, PR, TMI
EOS AM-1 ASTER, CERES, MISR, MODIS, MOPPITT]
Landsat 7 ETM+
FOO COLOR
ADEOQOS I Sea Winds
ALT RADAR (CNES or GFO) AMR, DORIS, SSALT
ACRIMSAT ACRIM
DAO R. Rood Products
VO Migrated Datasets

EXHIBIT 2-6: The Current Modeling Scope of EOS Instruments

The Performance Model is intended to providge@initive basidor evaluating alternative ECS
architectures capable of supporting user and production demands (as predibeed)bgr and
Production Models), and to evaluate architectaedisitivities to predictive uncertaintie3his
model is implemented usindpe Block Oriented Networ8imulator (BONeS) discrete-event
simulation modelingool. A top-level description of the currentodel under development is
illustrated in Exhibit2-7. As themodelscope maturesubsystem models (currently,nax of
static anddynamicmodels)may beused tosupply response characteristics. Doisg, isolates
their implementation details and mitigathe system-level model's executisasourcedemands,
which tend to be extensive. The extent to which this may be done is still to-be-determined.

The Performance Model, when complete, should be capablgelding several important
categories of information by:

* Providing resource consumption statistiedich could be used by User and
Production mdeling personnel to assabkg impact and improvéhe performance of
their processes;

» ldentifying the driving parameters (i.e., thH#all poles” of a histogramg¢oupledwith
the capability of evaluatingirchitectural sensitivities to their valuesorder tohelp
focus analyses at minimizing their uncertainty;

» Assessingexpected performance requiremesdgspliance by producing response-time
and other statistics that can be compared directly to the requirements;

» Establishing a firm basior abill-of-materials (BOM) and a set of operational
requirements (i.emedia handlingetc.)necessary to implement, maintain, aperate
the ECS for each epoch under consideration; and

» Supporting the assessment of performancecwost impacts for new technologies
under consideration for incorporation into the ECS.

2-6 EOSVV-0506-02/10/95
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As the ECS matures, it should pessible to calibratdhe model with real-world information and
generate performance predictions with progressively improving confidence.

The CostModel is intended to estimate the resources required to developparate ECS
architecture alternatives (qmartially derived fromthe Performance ModeNRithin schedule
constraints. The Co#Mlodel is currently implemented as a collectiontlofee types of stand-
alonecostestimation models: Custom Software, Operations and Maintenanc€pamdercial-
Off-The-Shelf(COTS) Hardware and Software. There is no integratfetycle Cost Model.
Each model type, itselmay becomposed of several different modelssarall variations of the
same model. The transfer/correlation of information betweemodels andhe aggregation of
costs tocalculate theoverall lifecycle cost arelargely manuabperations. The IV&V team’s
visibility into the details ofthe models is very limited. Ithe modelsare as thehave been
represented to us, as the ECS matures, it shoutedmble to calibrate them using actual ECS
experience and generate future cost predictions with progressively improving confidence.

This IV&V assessment was performed un@&SDIS IV&V Task 5 (Requiremennalysis &
Traceability), specifically as part of Subtask 5.3 (EOSDIS User Satisfaction Assessment).

2.5 References
A list of references utilized in these analyses is contained in Appendix E.

2.6 Tools and Data Bases Utilized
A description of the tools and data bases utilized in these analyses is contained in Appendix F.

EOSVV-0506-02/10/95 2-9






EOSDIS Core System (ECS) Modeling Assessment Report

3. USER MODEL

The User Model (i.e.5pull” model) describeghe interaction of Earth-science researchers and
other userwith the EOSDIS. It isintended to characterize a ugeofile describingwho the
users are, whanformation they needver time, and how they afi&ely to interact with the
EOSDIS. Results of the User Modeirmulate thebasisfor determiningthe inputs to the
Performance Model. The findings of an independent assessment of tidddséng activities,
including analysistasks performed, constraintffecting the analysis, and analysis results,
conclusions, and recommendations, are presented in this section.

3.1 Analysis Tasks Performed

In the context of ECS architectulesign, it is important to hawailable araccurate uséipull”’

model. Information from this User Model is to be used as input to Performance Models in an
overall ECS system model. We viethe UsemModeling activities as representing fauajor
categories:

I User profile (vho) Who are they? What Earth-science discipline a&#ction 3.1.1
USGCRP research area do they belong to?

Il User needswhal) What data, productand other informatiomwill Section 3.1.2
they need? From which instruments? How much?

Il Temporal distribution of When will they needthe data™ow often will Section 3.1.2
user accessvhen they access the system and for what duration?

IV Input to Performance How will this information be translated intoSection 3.1.3
Models how usell input to the BONeS Performance Model?

3.1.1 User Profile Who)

Who are the users of the EOSDIS and what are their interestshdg¢hi#éeESDIS Project done
to identify them2What has HAIS done tmentify themAVhat have others, such as Barkstrom
[28], done?How doeghis all fit in with the Global ChangeData andinformation System
(GCDIS) concept of users? The EOSDIS will benajor part of the GCDIS, so it isnportant
that theclasses of users selected by HAIS for their mogdebork reflect the interests of the
GCDIS users. Wesummarize herthe different definitions, oconcepts, of EOSDIS users taken
from the appropriate sources [2].

The ESDISdefinition comprisesesearch userg)cludingU.S. Government-sponsoradd other
researchers; noncommercial operational- and environmental-monitoring public-agetamy
users; applications demonstrations; atters. The last categomcludes commercial and
educational users. The HAtgfinition compriseEOSscience, general science, and non-science
users. Barkstrom considers the Eastiience researcbommunity; FederalState,and local
government agencies concerned with poliagd use,fisheries, environmental law enforcement,
and similar activities; educational institutions; profit-making research organizations and
individuals;and interest@sembers othe genergbublic. The Interagency WorkinGroup on
DataManagement foGlobal Change (IWGDMGC) consideitree categories of GCDIS users:
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the general researdommunity, summargeekers of dataddressing particular global change
problems, and policy makers and planners. Gategorization doesot specificallypoint to the
EOS-funded users, nor does it attempt to further categorize alsagsthelines ofthe ESDIS
definition. But then the GCDIS usersliwbe from abroader, more general populatitimat
includes manyusers from the generalublic as well as globathange researchers. There is
concern that thgeneral (inthe GCDIS sense) or “othefinh the ESDIS sense) users’ needs and
requirements may not be fully accounted for in the design of the EOSDIS.

We have analyzefour independentiata sets, the most important which are theNASA
HeadquartersOffice of Mission to Planet Earth (MTPE)nformation data base (a survey
containing informationabout potential EOSDIS users) and tNASA Headquarters EOS
directory data baseyhich contains information oall the EOS-funded investigators—Team
Members and Leaders, Instrumé&is and Cols, and tHaterdisciplinary Scienc®ls and Cols.

The resultwill be presented according to the USGCRP view of the users’ research interests (see
Exhibit 2-2).

3.1.2 User NeedsWhat and Whei

The central element in HAI$hodeling ofuser needs is the gatheringimormationthrough the
creation of a set of usescenarios constructed bpterviewing a number of Earth-science
researchers. HAIS’ goal was to select a setogiharios that represents the entire ECS user
community while having an evaelstribution from the atmospheric, oceanic, &l disciplines.

Not all the goals were met. Nonetheless,wioek to date is botlsubstantial and innovative.
Their current results are reported in three documents [6,7,8].

We analyzedhe scenarios to determine hawsll theyrepresented both the USGCRP research
areas and the traditional Earth-sciemlisciplines listed in ExhibiR-2. We determined the
number of users in each researatea or discipline using HAIS-determined science-user
demographics for the mid-1999 epdahihich provides the number of users of each scenario.

3.1.2.1 User Scenario Analysis

The science-user requirementsdata andervices to be requested frane ECSdetermines the

“pull” load on the system, and an accurate assessment of the characteristics of this load is essential
as inputs to both the Performance Model andstfstem design. HAIS hadentified 27user
scenarios to represent the science-user requirements categorigsithdogix styles of system

access and foutyles ofdata access—a#4 user scenario matrix. HA&halyzedhe scenarios,

in discussion withthe scientists, and obtained the corresponding ECS functionakeamce
requirements. HAIS produced demographformation (providingthe minimum and maximum

number of users afhe scenarios durirggveral time frames) usintpe user characterization
methodology they developed for this purpose [7].

1 HAIS made their user scenario matrix spreadsheet, which contains information for four epochs, available to us.
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We examinedhe scenarios to evaluate hosll theyrepresent the data and accesguirements
of thescience usecommunity, and we examing¢dde methodology and data used determining
the relative service requirements.

3.1.2.2 Satellite Data Requirements of User Scenarios

The load on the ECS due to user access depends on theensee andhe satellite data

requirements. HAl@nalyzedhe user scenariadentifying the stepsnvolved,the functions and
services invoked in eacstep, thesatellite data accessed, and the anticipat@dimum and

maximumnumber of userfor each scenario. Waxaminedthese data anchapped thesatellite

data requirements afl the scenarios to thaata expected to lavailableduring the epochiseing

considered for the PDR fiond out if the scenarios represartilization of most satellitelata that
will be available during those epochs.

3.1.2.3 Mapping Functions and Services from Scenarios to the ECS Level 3 Requirements

The HAIS user scenarianalysis identified 43unctions and services frothe user scenarios.
These wereanalyzed and mapped tbhe nearesapplicable ECS Level 3 requirements (see
Appendix A). The appendix alsocludes informatiorabout which scenario invokesvhich
functions and services, and the likely number of users of these functions and dbevisegus of
acceptance or implementation tfe function as indicated by HAIS [7]; and further V&V
comments.

3.1.2.4 The Requested Requirements Data Base (RRDB)

HAIS created the RRDB in 1993 for collecting, evaluating, and monitoring user requirements. It
is available tahe publicthrough both Internet arlal-up access. VersidO of the datdase is
currently in use; th@mame has been changed to User Requirenizmis Base (URDB). The
URDB includes functions and services identifiedhe user scenarios. We accessed the URDB
and examineall the requirementthat arose fronscenario development for tis¢atus oftheir
current implementation or acceptance.

3.1.2.5 Distribution of Invoked Services

HAIS conducted a detailednalysis ofthe scenarios to determine gervice types and their
relative distribution. They used statisticstba current dataystem usage #te to project future
usage along with theervice invocations identified il the user scenarios. Végamined the
methodology used by HAIS and found it to be capablpviig representative results. We also
analyzed the user scenario data base and examined its consistency and accuracy.

3.1.3 “Pull” Input to the BONeS Performance Model fiow used

The studies on user characterization and user-scenario generatianabysit havegenerated
information onthe frequency of invocation of different services, requirement of satellitethed
data products. The Performance Model requmpsts from the User Model to determine the
“pull” loads and their diurnal variation to assess the performance of the system.

EOSVV-0506-02/10/95 3-3



EOSDIS Core System (ECS) Modeling Assessment Report

The following inputs to the “pull” generator model are required:

* Mean arrival time between transactions (all types) as a function of the time of day
» Fraction of all transactions as a function of the daac

» Fraction of transactions as a function of service (for each daac), and

» Ratio of output volume to input volume as a function of input volume.

Both the methods for generating théseuts and the results need to Jeified. Most of this
information hasiot beermade available tas. We will assedsis part ofHAIS’ work when we
have been supplied with the necessary information.

3.2 Constraints Affecting the Analysis

Not all the datebases used iour analysiswere created for the purpose fehich theywere used
in this study, a validation ofiser characterization. Nonetheless, the data i@fiodmation
contained in these dabmses are independent of both those used by HAIS inathalysis, and
they contain additional important informatiaout the usecommunity. Furthermore,they
contain valuable informatiombout a broadepotential user community—those interested in
MTPE programs.

The characterization of user demography and demargrdducts isstill in progress at HAIS.
An EOSDIS &General Science User SurvEyGSUS) iscurrently beingconducted by HAIS.
The results of thasurveyarelikely to effect not only the results of thanalyses discussétbre,
but also the creation of user-model inputs to the Performance Model (BONeS).

Details ofthe PDRTechnical Baseline have only becoawailable to us in Januafy95, as part
of the community documents catalog on the EDHS WWW server.

There have beetime constraints othe V&V team due to thenly recentarrival of much of
HAIS’ documentation and data.

3.2.1 Assumptions

Some of the assumptions evhich the various user characterizations are bdgéat. For
comparison, they are outlined here.

HAIS study:

 EOS-funded investigators amegell defined, and interviews with them provide their
requirements.

* The marginal cost of reproduction of data is low enough not to influence user demand.

» Lack of an accuratdefinition of Level 4productscan lead to underestimatittie size of
certain user communities.

» Peterson’s Guide to Graduate Programs in the Physical Sciences and Mathematics, 1994
and Earth science andremote sensing journal article authorship can provide a
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representative populatiosample for the generadcience (non-EOS-funded) user
community.

* The non-science users are only interested in EOS standard products.

V&V study:

« The set of respondents to tMASA Headquarters survey expressisignultaneous
interest in a NASA AO, NRAEOSDIS, satellite data, and satellite observations is
representative the EOSDIS science-user community.

* The USGCRP priority research areas represent EOSDIS data and information areas.

The data we used this study werenot collected with the intention dfeingused as wéave
here. We were, thereforeot able to estimate uncertaintits the results obtained from those
data that are presented here.

3.3 Results

3.3.1 Discussion of Results

We have examinedHAIS’ modeling goal of creating user scenarios to makeassible to
generate inputs to a Performance Model of H@S. Startingwith HAIS' science-user
demography, can thdyggically create thenecessary inputs tthe BONeS Performance Model
thatwill meet the user requirements and siistem requirements? Dioe existinguser scenarios
contain sufficient information to accurately estimate the “pull” load on the system?

3.3.1.1 User Characterization

The MTPE Data BaseThe MTPE office at NASA HeadquartdfSode Y)maintains alatabase

of all contacts who have expressaty interest inany ofits programs.This database contains
information on abroad range of potential EOSDIS users: Eatience researchersther
researcherdaculty and sidents from diverse fieldgducatorslibrarians, policymakers,State

and Federal government employees, anfosh. During a recent update dfis data base, a
survey form was sent tal persons entered in the data base. titform were checkboxes for

the respondent tepecify areas of interest. Amontpe areaswvailable onthe form are the
categories corresponding to thstablished science priorities of USGCR&produced here in
Exhibit 2-2). There aralso checkboxes on the form for the@shing to receive notifications of
Announcements of Opportunity (AO) and NASA Research Announcements (NRA) and for those
interested in the EOSDIS, satellite data, and satellite observations. There are 9,979 records in the
data base.

Unfiltered MTPE Data. Exhibit 3-1 shows thelistribution of thenumber of respondentkat
indicated an interest in one or more of the USGCRP priority areas. aWe Usedll such
records from thesurveydatabase for thieexhibit. Wetake this as beingepresentative of the
science preferences of a broad range optitdic that havealready expressed some interest in the
programs of the MTPE.
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Filtered MTPE Data. Of the 9,979 respondents, 2,899 (29%g)icated an interest ireceiving
further information on an A(B,052 (51%) an interest in an NRA, 5,286 (53%) an interest in
either an AO or an NRA, and 2,665 (27%) an interest in an AO and an NR#in this last
group, 790 respondentexpressed interest in the EOSDISatellite data, and satellite
observations. We amlling thissubgroup of 790 respondemstential EOSDISusers—those
respondents expressing an interest in an AO and an NRA@SBMDIS andsatellitedata and
satellite observations. Of these potenE@ISDIS users, 228 expressed an interesll iseven
USGCRP priority areas. Hence, we asstimatthis last subgroumay havenonspecific science
tastes or may be catalog collectors, and have omitted them from améhgsis. We havamply
selected this reducegtoup asbeingrepresentative of those respondents wiay bepotential
EOSDISscience usersExhibit 3-2 shows thelistribution of these users according to science-
area preference.

Source: All NASA Database Records (9979) Source: All NASA Database Records (9979)
Potential EOSDIS Science Users (562)

40% 40%
30% 30% -
20% - 20% -
10% A 10% A

0% - 0% -

chs biodyn eco hist  humint solid  solar chs  biodyn eco hist  humint solid  solar
USGCRP Research Area USGCRP Research Area
EXHIBIT 3-1: Science Interests Of All Respondents EXHIBIT3-2: Science Areas Of Interest For The

Potential EOSDIS Users

The EOS Directory Data Base: EOS-Funded Investigatoffie EOS Directory dat®dase

contains, amongnany otherthings, informationabout the EOS-funded investigators. Most of

these investigators (555) have also responded tNAIS® Headquarters survey, and havated

their USGCRP research area interests and preferences. Those preferences are shown in Exhibit 3-
3.

Source: EOS-Funded Investigators

40%

30% -

20% -

10% A

0% -
chs biodyn €co hist humint solid solar

USGCRP Research Area

EXHIBIT 3-3: Research Area Interests Of The EOS-Funded Investigators.
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Comparison Between User Characterizations by HAIS and this Stuidy.clearthat several
different Earth-sciencdisciplines will have a neefbr thesamedata. HAIShas presented a
distribution of the expectedcience users according to Earth-sciedisipline area. This
information was obtained from amalysis of diterature survey of journals arlle assignment of
the articles to the appropriate Earth-scietiseipline. Wecreated aimilar distribution from the
information inthe NASA Headquarters survey. (There wasvayg toextractinformation from
the surveyabout those interested in the cryosphere, so therat ia one-to-oneorrespondence
between two distributions.)

Relative Sizes of Science Relative Sizes of Science User
User Discipline Disciplines
Source: HAIS User Analysis 80Source: NASA HQ Survey
80

60

60

40

40
- e .
gE BN BN BN 0 *

atmos land ocean

% of Users

% of Users

atmos land ocean cryo

Discipline Discipline

EXHIBIT 3-4: The Distribution Of Science Users According To Discipline.

A comparison of these distributions (€&énibit 3-4) shows that theelative sizes ofhe science-
user populations (categorized by Earth-sciehisapline) determined ithe HAIS UsemModeling
effort and the corresponding distribution obtainethiawork aresimilar. The HAISanalysis is
based on a broad population obtained from a literature searchan@ysis ifopased on a broad,
but different, set of potential users, anthy betaken as an independent confirmation of HAIS’
results. It is notabléhat bothanalyseshow that more than 80 percent of the userdikalg to

be fromthe atmospheric arldnd disciplines, anthat those interested atmospheric questions
far outnumber those with land-discipline interests.

3.3.1.2 User Scenario Analysis

We categorized the 27 user scenarios by both traditoreice disciplinand USGCRP research
area. The distributions are shown in Exhibit 3-5; details are in Appendix A.
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Source: User Scenarios (27) Source: User Scenarios (27)

80% 80%

60%

60%

40%

40%

20%

0% : : — B
0% - chs biodyn eco hist humint solid solar (no
atm cryo land ocean {no pref) pref)

20% -

Discipline Area USGCRP Research Area

EXHIBIT 3-5: Comparison Of The Science Areas For The User Scenarios.

In the scenario selection process, HAIS' goal was to selsst afscenarioghat represents the
science usecommunity while having an evelistribution from the atmosphere, oceanic kamdi
disciplines. That goalhas not beerfully achieved. Moreover, the distribution of scenario
disciplines matches neithefAIS’ nor the NASA Headquarters’ expected science-udiscipline
distribution (Exhibit 3-4).

A similar analysis using the numbers of usethefselected scenarios (for the mid-1999 epoch) is
shown in Exhibit3-6. Thenumbers of expected usergre obtained from HAIS’ user scenario
spreadsheet; thelative distributionsare similar for the other three epochs considered by HAIS.
This distribution of users according to disciplinesasuniform (one of HAIS’ goals) and like the
distribution of scenarios themselves, matches neither HAIS’ expected distribution of science users
(Exhibit 3-4) nor our analysis of the expectedcience users (Exhibit3-2).

3-8 EOSVV-0506-02/10/95



EOSDIS Core System (ECS) Modeling Assessment Report

Source: All Scenario Users (14,171) Source: All Scenario Users (14,171)

80% 80%

60%

60%
40%

40%

20%

20% -

0%
0% - chs biodyn eco hist humint solid solar (no

atm cryo land ocean {no pref) pref)

Discipline Area USGCRP Research Area

EXHIBIT 3-6: Analysis In Terms Of Number Of Scenario Users

The USGCRP prioritized the research areas iottergiven in Exhibit2-2, which was chosen
for the abscissas inthe USGCRP-related histograms. The histogram of the EOS-funded
investigators’ research interests (Exhibit 3-3) essentially follows this priority order.

Instrument Representation in the User Scenaridbe user scenarios were selected to obtain
representative model inputs tre access patterns and datquirements during the 1998-2000
time frame. Results dhe analysis (Appendix A) indicatéhat thescenarios have substantial
requirements oflata from thanstruments on AM-1 and Landsat-7 and the AVHRR instrument,
and none of the scenariagdentified so farrequire data from ADEO3, ALTRADAR, and
ACRIMSAT, which are expected to lmvailableduring 1998-200@ime frame. One scenario
requests data from TRMM. It wasdicated in the PDRechnical Baselinthat the dataolume
from ALTRADAR and ACRIMSAT is small.

Function and Service AnalysidVe mapped the 49 functions services whiclwere identified

from the 27 user scenarios to the EIG%el 3 requirementseeAppendixA). As thefunctions

or servicesare generally low-level requirements, it @fficult to find a matching functional
requirement at Level 3, so thaye mapped to the nearagplicableECS Level 3 requirements.

Our analysisshows that 19 of the 4ilentified functions or serviceuldnot bemapped to the

Level 3 requirements. Evénoughmany ofthe functions in such areas search and subsetting are
mapped to the Level 3 requirements, details of the requirements are reported by HAIS to be under
differing stages of evaluation.

The URDB ProcessAlthough the URDB process potentially very usefufor collecting and
evaluating user requirements, we degg éntries in the URDB by persons from stadéiserthan
Maryland issmall (seeExhibit 3-7). This is because a large number of entries indatabase
were entered by HAIS from the scenario collection process, accounting for thadariger of
entries from Maryland. The usefulnesstltd URDB as a requirement collectdevice could
increase if its existence and utility wsell publicized to make itepresentative of thscientific
communitythroughout the Unite®tates. Of the 4functions collected and analyzedst of
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the scenario development process, 34 are currently difigeing stages of consideration and 15
have been either closed or rejected (see Exhibit 3-8). There is a need for speeding up the process.

State Number of Entries Status No. of Requirements
AK 7 Being Assessed 9
CA 4 Closed (comment) 2
CO 13 Closed (existing req}) 7
MD 562 Closed (new req.) 0
MN 2 Closed (non ECS) 2
SD 23 Design 12

Consideration
VA 2 Reexamine 6
Rejected 4
EXHIBIT 3-7: URDB Entries By State Screening 7

EXHIBIT 3-8: Status Of Requirements From
User Scenarios In The URDB

Distribution of Service Types.Information about thefrequency and diurnal variation of
invocation of service types is a required inputh® Performance ModeFor PDR, HAIS has
selected 15 service types invokedhia user scenarios and computed thedative distribution by
estimatingthe number of times each service is invoked in a daynanitiplying this number for
each step of the scenario by tember of users ahe scenario and tmimber of times the
scenario is repeated in a ygarformation available irthe user scenario data base). HAIS
developed a methodology fdeterminingthe expected distribution eérvice types and access
rates represented by the user scenarios. ifffoemation available to us indicatésat the
methodologywhich is being refined, isdequate. However during thealysis, wenoticed some
inconsistencies ithe user scenario dabase regarding the averagember of times services are
invoked peryear and the user demographics. The matter was discussed with HAISavkey
also found some inaccurate entries and updated the data base.
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The analysis identifiedhat some scenario-requested servigeslving user processing outside
normaldata product generation, browsed visualizatiomre being examined byAIS. These
servicesare important to thecience users, and acceptance of thlregeested servicewill
increase user satisfaction with the system. These are

Requirement Status

1. Identification of user-recommended produthe outcome of the user-supplied processing
processinghat isbeyond thearea of basic producttrade study angolicy decisions will effect
generation in th€eCS. (Ability to accessyiew, the final response to the recommendations.
manipulate, and storedata without the user Results scheduled for CDR

committing resources)
Requirementsor ECS to support APIdeveloped
by users

2.  Requirementor single-requestdata ordering for This is considered to be more an
past and future data implementation detathan a requirement and

the ultimate disposition wikwait finalization
of the ordering capability to be provided by

the ECS.
3. Perform content-based search in the absence ofubker-supplied methodstrade study and
content in the metadata science software direetccess to dataerver
trade study
PDR/CDR

4. Users haveadentified several visualization utilitiesAny visualization functionality beyontasic
that would be advantageous for their research. browse will depend on theesults of the
visualization trade study due at the PDR

3.3.1.3 “Pull” Inputs to the BONeS Simulation

The Performance Model requires inputs from the User Model to determityauthieloads and
their diurnal variation to assege performance of the systemetails ofthe methodology used
for the generation of these inputs a yet available tous. HAIS Wi create a white paper
describingthe details ofthe methods used a®ll asthe results.They are alsaleveloping a
spreadsheet to facilitate amalysis ofthe service invocations andatavolumes, as well as to
perform other operations ahis data base. In thabsence of detailed informati@bout the
methods used for providing inputs tfee “pull” generator, we aranable to comment on their
adequacy or thgquality of theirapproach. The current version of th&tabase has been made
available tothe us (seéppendix F), and som@entified discrepanciesvere rectified in
discussions with HAIS. One tfie major inputs required fdhe “pull” generator is th&elative
Product Access Frequencies (RPARyhich are expected to lmvailable as aesult of the
EGSUS.

3.3.2 Identified Problems

The user scenarios dwt adequately represent the expected distributioscigince users. The
scenarios should be representative of the science-user intethat sfite useservice andlata
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requirements can be correctly estimated and used as inputs to the Performance Model. The
scenarios dmot adequately represent the prioritized research areas of the USGCRP. Moreover,
they do not request data from ADEQOS I, ALT RADAR, and ACRIMSAT, which are expected to

be availableluring 1998-2000. Even though it was indicated in the P&Rnical Baselinthat

the volume ofdatafrom ALTRADAR and ACRIMSAT issmall,there should be scenariosing

data from theseatellites as well a8DEOS Il in order tadentify additional functions or services

that may be related to products from those sources.

A large number of functions or services identified frirea scenariofl9 of 49) coulchot be
mapped to the ECBevel 3 requirements, andany ofthese scenario-based functighat we
mapped to the closeapplicable Level 3 requiremerdse indifferent stages of evaluatioriSee,

for example, URDBrecords 525, 609, 611, 613, 618, 622, 626, 627, 629, 630, 632, 634, 637,
639, 643, and 644)Consideringhat thePerformance Model inputs regarding the access rates to
different servicesare based on trevailability within the ECS of théunctions or services
identified in the scenarios, decisions about these requirements should samadg/hat will be

the impact onthe system if some othe requested functions servicesare notprovided? What

will be the corresponding impact on the science?

3.3.3 Potential Issues

Users havedentified several visualization utilitiekat would be advantageous tbeir research,
and the correspondirfgnctionality to be provided ithe ECS isurrently under study by HAIS.
The results of this studgre expected by PDR, and tthecisions orthe visualization utilities

should be expedited.

Details of the browse data products generated are not available.

3.4 Conclusions

3.4.1 Technical Integrity

The User Modeling activitiesnalyzed in thiseportcan be broadlgrouped into four categories:
user characterization, user scenarios, user servicepra@mactaccess requirements. Based on
the analysisconducted, théechnical maturity othe UseModeling activity is assessed using the
maturity metrics specified in Exhibit 1-1. The assessments are given below.

User Characterization.There is substantial agreement between HAIS andanalyses ofiser
demographics-who are the users. Moreover, HAI®s reasonably estimatéd numbers of
science users and nonscience udesmay beexpected to use the system. Nonetheless, more
work isbeingdone by HAIS in thisrea,notablythe ongoing EGSUSurvey, which will provide
more specific informatiorabout user demographyror this reason, wéeel thatthis activity has
achieved a somewhat limited maturity, and we look forward to the results of the EGSUS.

User scenarios.The purpose of the generation aralysis othe user scenarios is to assess the

science user requirements ddta andservices provided bthe ECS. Thecenario selection
process was based ertensive preliminarywork and a number of assumptions. HAIS modelers
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had detailed discussions witie scientists during the process of scenario selectioanahgis.
Even though the scenarios are representative afdtaeaccess and tgstem accessgmtterns
of the EOSDISscience usefthe &4 Science User Scenario Matrix), thee notrepresentative
of either the HAIS-determinescience discipline othe USGCRP research areas, ashase
shown. Thdand science disciplinecenarios and number of users far outwetbbhsatmospheric
science scenarios and number of users; this is inconsisteritothtiHAIS’ andour estimates of
the user demography. Even though Tieehnical Baseline refers tinth U.S.and international
science userghe scenarios doot reflect the requirements, @ny, of science users outside the
United States. All of these shortcomings will affect thiest of the UseModeling resultshat
depend on an accurate assessment of the user Adegactivity has achieved somewhatited
maturity.

User Services. One of theprincipal objectives ofthe user scenario collection asuhlysis
processes is to identify the user-required functions or services that depend on the type of access to
the ECS, the data access pattefiosal, regional, or global), and the research area. HAIS
analyzedthe user scenarios to gatlmfiormation onthe scenario-based requirementsstmvice

types, frequency of access, anticipated users, afaiteo Although thedata collected ikighly
representative of the scenarios so far collectedséhuilness is limited sin¢ke scenarios are not

fully representative of the expected user demograpkhany of the requested functions or
servicesare currently are idiffering stages of evaluation for incorporation into the system. The

user services part of the User Model has reached somewhat limited maturity.

Product Access Requirement8ccurate assessment of user requirementddta and products

from EOSDIS is an important input into the Performance Model. The user scenarios provided the
data productequirements for thepecificresearch scenarios. The EGSUS will provide further
informationabout thescience user requirements fitata access andklivery inthe 1998-2000

time frame. Information on the access frequency and the requirements of the data products (Level
0 to Level 4)will provide additional inputs tthe Performance Model. Tipeoductlist for the

survey includesdata fromsatellites expected to be launched thg end of 1998 (TRMM,
LANDSAT-7, AM1), but donotincludedata fromALTRADAR and ACRIMSAT, scheduled for

launch in1999. The EGSUS isot expected to providany viableinputs to the PDR.This

activity has achieved limited maturity.

3.4.2 User Satisfaction

The primary users of the worldescribed and analyzed in tldecument are the HAISystem
designers and Performance Modelers. We cannot atirttéasdetermine whethdhe results of
HAIS’ User Modeling activities will be completefdequate to meet the Performaiadeling
needs because much tbfe UsemModeling work is still in progress. Nonetheless, the User
Modeling work to dateforms a good foundation for extendittyge work byincorporating our
recommendations, and the improveabdel may provide sufficient and accurate enough
information that can be used as input by the Performance Modelers without reservation.
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3.4.3 Trends and Projections

The development of the HAIS User Model has progressetl in the areas of user
characterization and functional requirements identification. nidwscapable of providingmited
inputs to the Performance ModeConsideringthat the User Model ibeing subjected to our
analysisfor the firsttime now, it isnot possible to comment ahe trends in the development of
the model.

3.5 Recommendations
Based on the analysis conducted to date, we offer the following recommendations:

1. Create and analyze as many additional scenarios as is necessary to:
» Give anadequate representation att USGCRP research areas commensurate with the
demographics of the community interest in these areas,
* Be representative of theilization of data fromall EOS instrumentsavailableduring the
identified epochs, and
» Truly reflectthe international character of theience users bpcluding scenario(sfrom
scientists or institution outside the United States.

2. Update the User Model based on the results ofpléwened surveyEGSUS), additional
information available as eesult of the recommendations this report. Inparticular, the
EGSUS should provide both the respondent’s traditiso@nce disciplinend USGCRP
research area. These items should be required fields in the survey.

3. Include functional or service requirements ‘gndl” load on the ECS thabayarise from the
access by the International science-user community—particularly International Partners (IPs).

4. Estimate the (increase in tieull” load on the ECS the due to non-EOS aond-satellite
data after the expectddcrease in thescientific activity that will result from the geeral
availability EOS data.

5. Estimate the (increase in thgull’ load due to the access ehtellite data fom the
International Partners (IPs), through ECS by the U.S. science users, and

6. Assign priorities to anbinding ofthe user-generated requirements (from the user scenarios)
to the available resources for each release.

3.5.1 Areas Requiring Further Analysis

Areas requiring further analysis are listed here.

1. Continue theanalysis ofthe user characterizatigart of HAIS' User Model to further
identify whothe user is in terms of both USGCRP research areas and traditionalcieantle
disciplines based on the results we expect from the EGSUS.

2. Verify the changes to the User Modehde by HAIS based dhe recommendations ihis
report.

3. Verify HAIS’ methodology used to derive inputs to the Performance Model. Results from the
EGSUS are also expected to be importathimarea. We recommeritdat themethodology
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used and the results obtained in the generation of inputs tpulliegenerator be subjected
to verification as soon as possible, preferably before CDR.

4. Map the user scenario-generated requirements to the ECS Level 4 requirements.

5. Examinethe adequacy of the User Model inputs (as they beevaitable) tothe BONeS
Performance Model based on feedback from the results of Performance Modeling.

3.5.2 Solutions to Important Problems

1. The user characterization needs to be frozen ( for the epochs under consiaezthib@iyre
CDR, based on the EGSUS-derived updates to the model.

2. Complete the trade studies on user processisgalization androwse products and take
policy decisionswhere necessary early, so as to provide inputstianodel before the
CDR.

3. Expedite evaluation ddll functional or service requirements identified fréme scenarios,
identify the functions oservicesthat cannot bemplemented inthe ECSand evaluate the
impact of omitting such functions or services.

4. The URDB process is a powerful tool fastaining new user requirementslowever, it is
currently beingused by asmallnumber of potential investigators anch representative of
the broad usecommunity inthe UnitedStates. This limitation needs to beorrected by
advertisingthe availability of this facility. Additionally,the URDB process needs to be
expedited imorder to beeffective in providing information on neuser requirements for the
system modeling and its design.

3.5.3 Risk Management

The informationthat will be derived from theEGSUS needs to be incorporated into the User
Model as soon as possible in order to provide accurate estimates of the “pull” load before CDR.
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4. PRODUCTION MODEL

The Production Model (i.e., “push” model) describes gtienceproduct generation processes
(nominally, Level Gnput transformation to Level§2/3/4 products). This model is intended to
predict the steady-state and exceptional processing necessary totdestigdsciencedata to the
EOSDISarchives when required. The findings of an independent assessrtientRvbduction
Modeling activities, includingnalysistasks performed, constrainfecting the analysis,tools

and datébases utilized, andnalysisresults, conclusions, and recommendations, are presented in
this section.

4.1 ANALYSIS TASKS PERFORMED

Our analysis focused on four aspects of the Production Model: 1) the overall contexivhiithin
it is beingdeveloped, 2) the completeness of wagk being performed byhe AHWGP, 3) the
translation of AHWGP inputs into the HAIS spreadsheets, and 4) the translationnobdbke
data into BONeS Performance Model input parameter tables. analyses dichot address the
scientific correctness of the AHWGHRork, which is rightly the responsibility ofthe various
instrument teams, but only the maturity of the process definitions at the time they forivesisthe
for HAIS PDR estimates. Ouwanalysesvere severely limited byhe lack of timely information
on which to base them.

In furtherance of the backgrouwiscussion in SectioB.4, at therecommendation of the EOS
Payload Advisory Panel artde EOSDIS Adisory Panel, aftethe EOSDISSystem Requirement
Review, ESDIS redirected the ECS design paradigm as shown in the following:

From To
Central Operational Control Operational Enabling
Data Order and Transmission Data Publishing and Access
ECS Elements Service and Data Provider Function.

In order for the EC8evelopmentontractor to havaccess t@orrectinformation onthe system
requirements from thEOSinstrument scientists and to ensurkeedtercommunications, ESDIS
created the AHWGP. The objectives of the working group are the following:

* Provide an interface between Science Commurii$DIS Project and the ECS
development contractor to ensure that there is a sounagis for describingdata
products, operational scenarios, EOS@IShival size, computation&dad, networking
properties, and the external interfaces necessary for acquiring non-EOS Data.

* Provide amechanisnfor building the infrastructure needed to smooth the exchange of

documentation andtherdescriptions from thecience community tthe ESDIS Project,
the DAACs, and the ECS development contractor.
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At the ECS System Design RevieSDR) it becameapparent that the EC8evelopment

contractorhad generated static E@®dels which dichot adequately represent tdgnamics of

the ECS. ConsequentlyESDIS directed the ECS$8evelopmentcontractor to construct a
Performance Model (i.e., BONeS) of the ECS using the new paradigm.

At the request of the AHWGP, the EOS AM-1 Instrum&aams provided thECS modelers
with information on input andutputfile sizes, required processiegpabilityfor each process,
andproductphasing scenaridsr each of the standard products tdl be generated at various
epochs of the system lifecycle.

Our current analysis of the Production Model examines:

* The impact of the mission redefinition on the Production Model;
Instrument angroductavailability for Production Model inputs at various epochs (see
Exhibit 4-2);

» Data dependencies for product generation; and

» Verification ofthe translation of thmformation provided byhe AHWGP and from the
Algorithm Theoretical Basis Documents (ATBDSs) to the parameters needed by BONeS.

4.1.1 Impact of EOS Mission Redefinition on the Production Model

Subsequent to the SDReveral significant changes the objectives of the projectcurred.
Consequent to these changes, the Production Model was impacted the following ways:

A 20 percent dutycycle for ASTER on-demand processing, and transfallcAASTER DAR
processing to Japan eliminated an entire function EQS8 and decreased ttmush” load on the
system;

Elimination of CER 10 as a standard product deceased the production load;

Inclusion of TRMM and Landsat products into ECS produaesponsibility imparted new
demands, increasing the ECS functionality requirements; and

The requirement of a 20 percent gear growth in processing and storaggguirements with
profiles for the phasing ofdata storage and processiogpacities introduced definitive
evolvability requirement for the system.

In August, 1994, Dr. Steve Wharton, EOSDIS Project Scientist and Mviyrs, RDC, created
a draft Science Operations Concept andghtcommunity consensus drow tomaximize the
science benefifor agiven data productimplementationbudget based on thidea of Phased
Algorithm Implementation with a baselirtata capacitythat defines aresource envelope into
which the sciencedata products are prioritized. He presentédygpothetical EOSDISCapacity
Allocation Scenario of TRMM and AM-1" tthe Investigator WorkinGroup (IWG) workshop
on October 20, 1994 which hepresented a processing load and gatame capacity allocation
baselindor TRMM and AM-1 forat-launchandlaunch plus 2 yearperiods. In order to create
this baseline, Dr. Wharton estimated a resource capacity envelope shown in Exhibit 4-1.
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Period Processing Load (MFLOPS) Data Volume (GB/day)
Launch 5,093.30 723.32
Launch Plus 2 Years 29,960.61 1,701.94

EXHIBIT 4-1. Estimated Capacity Envelope

They alsocreated a distribution for the allocation of processing capacitydatad/olume for
various instruments for TRMM and AM-tissions. Our analysiscompared the allocated
processing and dateolume capacities wittthe load requirements generated by AHWGP and
those used by HAIS in the PDR Technical Baseline (as of December 21, 1994).

4.1.2 Instrument and Product Availability Effects on Production Model Loading

We have examinethe HAIS Production Model inputs from the perspectiveavailability of
instruments at a particular epoch and the requirement of generation of staodaicts for that
epoch. TheMission Baseline considered BIAIS asgiven inthe PDRTechnical Baseline is
shown in Exhibit 2-6.

Consistent with the abovmselineHAIS hasdefined severapochs in the ECSystem lifecycle.
These epochs are related rt@jor events or releases. Exhibi2 shows the epochs and the
events related those epochs. A prionitynber has beeattached to these epochs to indicate the
urgency to create the requir&€S capability duringthat time frame. Inthe Exhibit, the ECS
responsibilitiesare shown ifbold italics and theunderlined activitiesare itemsthat HAIS will
emphasize at PDR.

Epoch Priority Date Event

A 1 Dec 96 - Jun 97 Release IR{Dec ‘96),V0O migration complet§Mar ‘97)

PDR focus: IR-1 w/subset of VO data + launch support

B 1 Jul 97 -Dec 97  TRMM (CERES, LIS, VIRS, PR, TMI) (Aug, ‘97)

CERES, LIS: Product Generation, Archive, Distribute

VIRS, PR, TMI: Archive and Distribute

TRMM ReleasgDec '97)

PDR focus: IR-1 w/TRMM

C 1 Jan 98 - Jun 98 EOS AM-1 (ASTER, CERES, MISR, MODIS, MOPITT)

ALL INSTR: Prod. gen., Archive, DistributéJune ‘98)

PDR focus: Release AM-1 w/ TRMM and EOS AM-1

D 3 Jul 98 - Dec 98 Landsat 7 (ETM+) (Dec ‘98)

ETM+: Archive and Distribute

E 1 Jan 99 - Jun 99 ADEOS Il (SeaWinds) (Feb ‘99)

SeaWinds: Product Generation, Archive, Distribute

CNES or GFO-ALTRADAR (AMR,DORIS,SSALT)

(Mar ‘99)

ALL INSTR: Product Generation, Archive, Distribute
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Epoch Priority Date Event

ACRIMSAT (ACRIM) (June ‘99)

ACRIM: Product Generation, Archive, Distribute

PDR focus: multi-mission support

3 Jul 99 - Dec 99 Not Defined

oM
w

Jan 00 - Jun 00 CNES or RSA mission (SAGE llI) (Jan ‘00)

SAGE IlI: Product Generation, Archive, Distribute

Space Station (SAGE Ill) (June ‘00)

SAGE IlI: Product Generation, Archive, Distribute

H 2 Jul 00 - Dec 01 EOS PM-1 (AIRS, AMSU, CERES, MIMR,MODIS, MHS)

(Dec ‘00)
ALL INSTR: Product Generation, Archive, Distribute
I 4 Jan 01 - Jun 01 Not Defined
J 2 Jul 01 - Dec 01 Not Defined
K 4 Jan 02 - Jun 02 Not Defined
L 3 Jul. 02- Dec 02 CHEM (HIRDLS, MLS, CII, TES) (Dec ‘02)
HIRDLS, MLS, TES: Product Generation, Archive,
Distribute
? ? Jul 03 ALT LASER (GLAS)

EXHIBIT 4-2: Details Of EOSDIS Epochs

The Science Operations Concept by Wharton and Myers describedy a of baselining,
supporting, configuring andelivering scienceata products through a processich allows the
scientists to prioritize theystem and allocate a baselined capabilitgrtmlucts most imlemand,
most ready and best performing time system. Isupport ofthis operationsconcept, the
AHWGP providedProductAvailability Scenarios for AM-1 instruments. These scenarios are
shown in Appendix B. They also provided phasing of processing and volumefdoassh
product atvarious epochg§in quarterly time intervals from launch to y@&01) to assist in the
development of the ECS Production Model. The HAIS A@Bhnical Baseline Attachment C in
EDHS Community Access Internet Server containgal@wving documents (Excedpreadsheets)
describingthesephasing scenarios: Processifignelines, Volume Timelinegile Descriptions,
and Processing Descriptions (see Appendix F for specific versions).

We have investigated the adequacy of the Production Model inputs in teawailability of
various instrumentata atdifferent epochs anénalyzed consistency afata in theExcel
spreadsheets with those in AHW®RoductAvailability Scenarios (Appendix B) artde ATBD
requirements. Sincéhe datadefinition for MOPITT is at a more mature state than most other
instruments, we have chosen to focus on MOPUEIa as a representative precursor to
subsequent analyses. The analysis for MOPITT is presented in Appendix B.

4.1.3 Data Dependencies
There are two types of data dependencies associated with product generation within EOSDIS:
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» Data generated in one DAAC required for production purposes in another DAAC.
» Data that must come from sources outside of the ECS.

Several DAAC to DAAC data transfer requirements are shown in EXHIBIT 4-3.

Product Processing Processing Site (DAAC) | Required Data | Dependent Data Originator | Data Transfer
(DAAC) Requirement

MODIS Land Products EDC MODIS GSFC GSFC to EDC

MODIS Land Products EDC MISR LaRC LaRC to EDC

MODIS Atmospheric Producty GSFC MISR LaRC LaRC to GSFC

MODIS Atmospheric Producty GSFC MODIS EDC EDC to GSFC

CERES Products LaRC MODIS GSFC GSFC to LaRC

MISR Products LaRC MODIS GSFC GSFC to LaRC

MOPITT Products LaRC MODIS GSFC GSFC to LaRC

EXHIBIT 4-3: DAAC To DAAC Data Dependency
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An example of externaflata setsequirements is shown in Exhib#4 for some MOPITT
products.

Product | Product | Process ID Dependent Parameter| When Needed | Dependent | Type | Source | IV&V
ID/Leve | Name Name (ID) (epoch) Parameter | of Comment
| from external sources Level data S
(DAAC)
MOP04 | CO This  process| Radiosonde VPGI 3/98 P NOAA MOPO04
2 Total has not beer] Temperature Profile VFGI 3 NMC/N | product
LaRC column | addressed by Humidity Profile (4/98-1/99) OAA has not
burden the instrument AFGC been
team (2/99-4/02) included in
(IV&V note: Although modeling

specified byAHWGP,
this product has not
been incorporated in

the model)
MOP0O3 | CO Level 3 | Radiosonde VPGI 3/98 P NOAA
2 Profile Processing Temperature Profile VFGI 3 NMC/N
LaRC (MOPL3) Humidity Profile (4/98-1/99) OAA

Level 3 QA and| (IV&V note: as per| AFGC
Error Analysis | AHWGP, for MOP1 and| (2/99-4/02)
(MOPL3QIi-E) | MOP2 processing, the
Level 3 QA and| following data sets will
Error Analysis | be required:
(MOPL3Qi-F) | ANC_EDC_DEM
ANC_NMC_PROF
ANC_NMC_SURF

MODO06_L2_G
MOD30_L2_G)
*
N Standard product not available V Undergoing validation, users beware A Auvailable for general use
P Partial parameter generation F Full parameter generation
R Regional coverage, such as for | Intermediate, moderately regular coverage G Global coverage
algorithm proving
S Sporadic: only a few, irregular times in a month | Intermittent: regular, Moderately frequent C Continuous: Large fraction of
sampling possible samples taken

X Designation not applicable for that field

EXHIBIT 4-4: External Data Dependencies For MOPITT

We have evaluated datkependencies withiBEOSDIS from the perspective of thequirements
needed to form eeliable Production Model workload. Aliscussion of maturity of inclusion of
data dependency in the model is discussed in Section 4.4.

4.1.4 Verification of Spreadsheet Translation to the BONeS Parameter Tables

In addition to the Excel spreadsheets containing processing descriptions tianatines,
input/outputfile descriptions and dateolume timelines, eadmstrument Team provided the ECS
modeling team with systeprocesdlow diagrams identifyinghe various inputs, processes, and
outputs foreachproductprocessing step. The ASTER procss diagram is shown in Exbit

4-5. We have integrateadl ASTER productprocessing in this diagram to show input-process-
outputinvolved inthe production oéll ASTER products. We havavestigated theonsistency

of datafrom the various sourcegxcel spreadsheets, procéissv diagrams, and BONeodel
input data.
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4.2 Constraints Affecting the Analysis

The primary constraints affectingur analysis othe Production Model were: Lgry late access
to the HAIS PDR Technical Baseline, and 2) instability of the process definitions.

While the IV&V team had access to AHWGP data on the AHWGP Internet Gopher server, it was
not until Januaryl7, 1995 thatommunity accessvas granted to the HAIS PDRechnical
Baseline. Since a substantial amount of information receivedtfidmMHWGP wasot put on

the AHWGP server, it wampractical toproceed with detailed 1V&\analysesprior to that date.

In addition, HAIS and the instrument scientist interactiormslucedmany modifications to the

input data. This resulted in severe configuration iss(ies, theidentification of which sets of

data upon which to base the analyses). To achievedegnee of success for this TAR, have
appliedour methodologyprimarily to the Production Model input data associataith MOPITT

and(to alesser degree) ASTERhich are the most matuexamplegor which we receivedata

at that time.

4.3 Results

4.3.1 Discussion of Results

Some of the results aquloblems discussed in this secteme provisional and preliminary. Since
the version of the Production Modeialyzed here isot anintegrated model and no resutiave
yet been obtained, this TA#bes notcontainanalysis ofthe model results. The main results of
this analysis are:

* The provisionalESDIS capacity allocation for variousiissions/instrumentare not
always in agreement with those estimated by the AHWGP and/or HAIS;

 The Production Model doesot incorporatall capabilitiesequired by ECS at a
particular epoch; and

» Some discrepancies exist amataja provided bAHWGP and those used by HAIS
in the Production Model.

We believethat HAIS modelers have an understanding of the efiog process and are
proceeding in the right direction in this effort.

4.3.2 ldentified Problems

Exhibits 4-6 and 4-7#&xaminethe consistency betweetine processing loads and detdume
allocations by Dr. Wharton, those stated by the AHWGP, and those used by HAIS for production
modeling.
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Platform Launch Processing Load (MFLOPS)
Date
Instrument At Launch Launch Plus 2 Years
AHWGP PDR Tech| ESDIS AHWGP PDR Tech| ESDIS
Requirement | Baseline Allocation Requirement Baseline Allocation
(HAIS) (HAIS)
CERES 905.93 905.93 1,139.51 2,779.29 2,779.29 3,014.6
TRMM Aug. 1997 LIS 0.42 0.42 0.42 0.42 0.42 0.42
Total 906.35 906.35 1,139.93 2,779.71 2,779.29 3,015.02
ASTER 99.16 99.16 17.4 99.16 99.16 17.4
CERES 2,937.01 2,031.08 1,139.51 2,779.29 2,031.08 3,014.6|
AM-1 Jun. 1998 MISR 244.99 3,459.53 1,127.82 3,459.53 3,459.53 4,057.0
MOPITT 3.45 17.66 17.66 17.66 17.66 17.7
MODIS 3,553.79 3,569.31 2,730.00 3,569.31 3,569.31 8,000.0
Total 6,838.4 9,176.74 | 5,032.39 9,924.95 9,176.74 15,106.7
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Platform Launch Data Volume (GB/day)
Date
Instrument At Launch Launch Plus 2 Years
AHWGP PDR Tech| ESDIS AHWGP PDR Tech| ESDIS
Requirement | Baseline | Allocation Requirement | Baseline Allocation
(HAIS) (HAIS)
CERES 5.29 11.35 26.73 22.62 11.35 27.8
TRMM Aug. 1977 LIS 1.33 1.33 1.41 1.24 1.33 1.4
Total 6.62 12.68 28.14 23.86 12.68 29.2
ASTER 99.16 118.81 59.24 99.16 118.81 59.2
CERES 23.25 11.9 26.73 22.62 12.22 27.8
AM-1 Jun. 1998 MISR 65.96 136.34 84.05 136.39 136.34 136.4
MOPITT 0.12 0.19 0.19 0.19 0.19 0.2
MODIS 552.86 537.23 541.00 633.73 938.25 1,082.0
Total 741.35 804.47 711.21 892.09 1,205.81 1,305.6

Exhibit 4-7: Volume Load

Processing load estimates for TRMM by HAIS and AHWGP arsahesfor both at-launch and
launch plus 2 yearseriods. ESDIS resour@docation is adequate to cover the requirements of
TRMM processing. However, the datalume estimatesire widely differentfor the three
sources.

For the AM-1at-launch time framehere aresignificant differences amortge three processing
load estimates. The ESDHElocation variessignificantly from eithethe AHWGP or HAIS
estimates. Considerirtgat HAIS’ source fothis data is the AHWGP, it iaot clear as to why
the HAIS estimate is smuch larger thathat of the AHWGP. On the othéand, thevolume
estimates are reasonably close.

For the AM-1launch plus 2 yearseriod,while HAIS processing load estimate is lower thiaat

of AHWGP, the reverse isue for datavolume estimates ESDIS processing power and data
volume allocatiorare significantly higherthan the othetwo. The EOSDISapacity envelope
estimates include only a subse&®@S requirementsi-or example, idoes noinclude processing
and volume requirement®r Landsat-7 ETM+, TRMM VIRS, TMI and PR , ADEOS II
SeaWinds, COLOR, ALTRADAR, ACRIMSAT, SAGHI instruments, migrated V@ata, and
DAO data production.

With regard to epochal considerations, the Production Model received by the IV&V Team as of
January26, 1995 does ndally account forall events that are expected to ocduring the four
epochs of PDRemphasis, namely: A, B, &d E. VO migration is planned to be completed by
March 1, 1997 bubnly asubset of VO data iseing considered &DR. In addition to ADEOS
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I, ACRIM data products, ECS will create and distribute products fRICTRADAR
instruments: AMR, DORIS and SSALT during Epoch FProduct processingarchive and
distribution loads for thesproducts have not been incorporated into H®IS Production
Model.

The results of aanalysis of consistency &iHWGP ProductAvailability Scenarios for MOPITT
with data found in the HAIS PDRechnical Baseline tablese shown il\ppendix B. We found
that thetimelines inthe PDRTechnical Baseline didot always agrewith those in the AHWGP
product availability scenarios. We also founithat the processing poweestimates in the
Technical Baselinavere atvariance withthose in ATBD. Additionally, MOP04 product
processing has not been addressed.

It was apparent in the AHWGP workshop during DecemBet4l 1994, thaseveralpolicy
guestions must be answered before adequateddptndency inputs can be madéehiea model.
Key among these, involves the segmentation of data to be transferred from one DAAC to another.
Although MOPITT was chosen as the methodoleyamplefor our verification of HAIS
translation of AHWGP “pushtiata into the Production Model, thersion of BONeShat we
received containednly ASTER “push” tables.  Consequently, we conductegreiiminary
analysis ofthe contents of the BONdik (F_Desc.txt) containing descriptions of “push” input
data for ASTER. We have re-drawn the InstrumBesam’s ASTERproduct processeffow
diagrams (EHIBIT 4-5) to showall ASTER product input-process-output in otiegram. A
consistency check demonstratkat several discrepancies exist amatgga used in the ASTER
processflow diagramsfile descriptions in the HAIS PDRechnical Baseline, anthe BONeS
F_Desc.txt file (Appendix B). Examples of these are summarizexHiBIE 4-8:

File descriptions missing in BONeS Files not found in Proces$low | Process Flow Files not found in
PDR Tech Baseline Diagrams BONeS

but found in BONeS

and Process Flow diagrams

AST 14 AST_MODTN3 AST_DEM_GRD_TMP
AST_ANC_MIS05 AST_MODTNA4 AST_DEM_PIX_TMP
AST_NMC AST_DEM_GRD_TMP1

AST_ANC_TOMS AST_DEM_PIX_TMP1

AST_ANC_MIS12 AST_DEM_GRD_TMP2

AST_ANC_MOD30 AST_DEM_PIX_TMP2

AST_ANC_MOD30B
AST_ANC_MOD10
ANC_ECOSYS DB

EXHIBIT 4-8: Discrepancies In Data Files In Various Sources

4.3.3 Potential Issues

The phasing of variouproduct generatiorsequences require a bettemderstanding of data
dependencies fafficient product generation. Amall mismatcltould cause serious production
problems. Also, thalefinition of the “size and shape” of processing granules different
instruments and the associapgdblems ofdata segmentation angstribution responsibilitiestill
remain to be resolved.
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In their presentation on Dec. 5, 1994, HAIS stdted “the AM-1archive willnotinclude Level
0 data products”. However, it is ounderstandinghat, inaddition toEDOS, each DAACwill
archive Level (oroduct data fowhich it is responsible. It isotyet clear hownuch of Level O
archival and distribution load will be an ECS responsibility.

During the December 13-14, 1994 AHWGP workshop, HAIS correepprted that AHWGP
data has not provided the ECS modelers adequate information on:

* Algorithm Integration and Test (AI&T) workload;

* Reprocessing Requirements;

* Ancillary product specifications (externasources notidentified, availability/sizing
information not validated);

» Error budget for processing/file sizes;

» Data distribution requirements other than Q/A;

» Data dependencies (conflicting assumptions by product developers and users); and.

«  AHWGP estimation of the theoretical MFLOPS/PGE execution did not inslistien
overhead and CPU utilization.

The above information must be integrated ithe Production Model to createrealistic
representation ot the ECS system.

4.4 Conclusions

4.4.1 Technical Integrity

Our major conclusions concernitige technical integrity othe Production Model, as of thiene
it was intended to support PDR, are:

* AHWGP inputs are still incomplete and unstable;

» Significant issues mustill be resolved before eeliableProduction Model can
be implemented; and

» The translation of Production Model inputs to BONeS is incomplete.

4.4.2 User Satisfaction

The Production Model will have a wide range of users: the designers BCBaystem; the
ESDIS projectpersonnel; the Instrument Teamembers;ECS system Integration andest
organizations; and EOSDIS IV&V personife supportsystem certification)etc.. Since a very
immature productionmodel exists athe present time, user satisfaction oaly berated as
marginal, at best.

4.4.3 Trends and Projections

The purpose athis section is tdighlight measurable differences obserbetiveen the results of
the current analysis and previous ones; and to project the implications afitteoseces into the
future (i.e., whether they appear todpeerging from, or convergingpward areliableProduction
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Model. Since this is the firsinalysisperformed by IV&V (i.e., the first datum), it ot possible,
at this time, to document a trends analysis or project trends into the future.

4.5 Recommendations

4.5.1 Areas Requiring Further Analysis

The breadth of IV&V Production Modehnalysis needs to be expanded to include all
missions/instrumenthat play a significantole in the productiotoading ofthe ECS. Now that
analysisinput data isbecomingmore readily available, thieffort should prove to be more
illuminating in terms of maturitylevel quantification. Future 1V&Vanalyses(prioritized by
workload impact) can be expected y®@ld maturity metrics by mission/instrument/process,
together with accompanying engineering analysis rationales.

4.5.2 Solutions to Important Problems
We recommend the following:
* Include missing/incomplete ‘pushbdads. Thesanclude unaccounted for product

processing, algorithm integration aedt workloads, awell astransient andrchival
sizing requirements;

* Resolve discrepancies among various data sets and correct data translation errors; and

» Create a stable, configuration-controlled, approved ESDIS Production bhsidine
as soon as possible.

4.5.3 Risk Management

An important risk factor in the development of EB@S thatmeets performance goals, is thek
of a full understanding of the “push” workloadConsideringthe complexity ofthe ECS, the
design musttake full advantage ofany modeling activities. We recommehdt the model
implementation process be accelerated, such that model results can beelsddyt@entify and
rectify problems in the design, well prior to CDR.
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5. PERFORMANCE MODEL

The Performance Model is intended to providge@initive basidor evaluating alternative ECS
architectures capable of supporting user and production demands (as predibeed)bgr and
Production Models), andvaluating architectural sensitivities to predictive uncertaintigsis
model is implemented usindpe Block Oriented Networ8imulator (BONeS) discrete-event
simulation modelingtool. The findings of anndependent assessment of the Performance
Modeling activities, includinginalysistasks performed, constraingffecting the analysis,tools

and databases utilized, andnalysisresults, conclusions, and recommendations, are presented in
this section.

5.1 Analysis Tasks Performed

5.1.1 Evaluation Areas

The purpose othis analysiswas to evaluate the HAIS BONeS performamoelel of ECS.
Specifically, the evaluations performed are as follows:

Evaluate representation of the system design;

Evaluate the usage of the input parameter values;

Evaluate statistics collection/performance metrics quantification; and

Evaluate overall model structure.

5.1.1.1 System Design Representation Evaluation

The first evaluation areavolved assessinthe BONeSnodel representation tiie ECSsystem
design,specifically the:SDPSsubsystemsthe “push” andpull” workloads; and the distributed
architecture resources (e.g., processioteynal I/O channelsstoragedevices, locahetworks,
and wide area networks).

Our analysisapproach was taexaminethe BONeSmodel modules for completeness and
correctness with respect to tegstem definitionworkload requirements, argteliminary design
details. The model should have the SDPS subsystems and a set of witnkisadappednto a
distributed system of computer atmmmunicatiorresources that represent the S8 CSMS
hardware design. The subsysterapresent the EC@pplication functions athe DAACs,
whereas the “push” antpull” workload executiorflows representhe transactions for the
instrumentdatafiles and the userservicerequestsyespectively. The BONeS modules were
evaluated for their representation of the following areas:

e “push” and “pull” workloads;
* Processes;

* Files/Data Sets;

* Subsystems; and

e System resources.
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The “push” andpull” workloadsdefinethe transaction sources (e.g.,ibgtruments fofpush”

workloads and by user services fpull” workloads). Each workload should defined in terms
of frequency of arrival bypoch, and executiofiow through a set of processes (pbssibly)
different locations in the distributed architecture.

Processes ardefined bythe processing site and resource, the inputoatut files, and the
resourceservice demandg.g., number of floating poinbperations). Files definethe “push”
inputs by instrument and tHpull” products byservice. Their characteristics should include size,
archive site,storage retention (i.e.archive, permanent, interim, or temporary), astter
parameters such as temporal and spatial coverage. Subsystamshe functions oECS.
Their characteristics should include serviggsvided, interfaces, workloadchapping, system
resourcesnapping, angrocessmapping. Systemesourceslefinethe hardware servers in the
design. Their characteristics includssource type (e.g., processadisk, 1/0 channel,network
link, robot, jukebox, memory, antape), locationand capacity parametgiesg., MFLOPSseek
and rotation times, storage size, and transfer rate).

5.1.1.2 Input Parameter Evaluation

In the second evaluation area, the usage ofrtbdel input parameters was evaluated. The
parameters include the following categories:

*  “push” and “pull” transaction arrival rates;
» Service demands for processing, storage 1/O, and network transfer; and
» System capacities, overheads, and configuration parameters.

Our analysisapproach was t@xaminethe model inputfiles and the parameterlues defined

within the BONeS modules for appropriate usage in the modules. Parameters were evaluated for
“push” and“pull” workloads, processefiles, topology, andsystenresources. The evaluation of

the actual values and their derivations are discussed in Sections 3 and 4 of this document.

The “push” transaction arrivaates and dateolumeswere derived by HAIS frondata provided

by thescience instrument teams. Tipaill” transaction arrivalates were deriveftom the user
scenarios developed by HAIS. The informationtie user scenarios is documented in numerous
HAIS working documents and Excel spreadsheets. These sourcébkedipadll” workload
derivation are discussed in Section 3.

Service demandare the units afervice consumed by “push” arfigull” transactions at the
different computer and communications resources where they are processed or transferred. These
estimates of floating point operations or instructidites sizes, and message sizesre made by

the instrument teams for the “push” workloads and by Had&he “pull” workloads

System capacity, overhead, and configuration parameters are derived from the HAIS design of the
distributed architecture. The capacittedinethe execution rates (e.g., MFLORS)d transfer

rates of thesystemresources. Overhead factors, or parameters, are perforpamaédesthat
represent service demantigit are nomodeled for a particular resour(eg., protocol control
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packets or operatingystemsoftware). Configuration parametenglude details othe design
such as numbers of devices and data segmenting lengths for storage and network I/O operations.

5.1.1.3 Output Statistics Evaluation

The third evaluation areavolved assessinthe performance statistics collectidefined in the
model. These statistics provide tHata for computingsystem performance metrics such as
resource utilization, user response times, and component delays and queue lengths.

The analysis approach was toexamine the statistical probe modules and shmulation
configurationfile in the model to determine what performance metnese quantified by the
model. Wheroutputresults becomavailable, we il evaluate the statistical soundness of the
dataanalysismethods by determininthe collection period for the statistics and the statistical
functions performed on th#ata. We willevaluate thenodel’s approaches f@avoiding system
start-up transienaffects in the data; faletermining steadgtateconditions; and theimulation
execution timewhich should be longnough period suclthat the results aretatistically
significant.

5.1.1.4 Model Structure Evaluation

In the fourth evaluation area wamalyzedthe overall modelstructure for the purpose of
determininghow easily it would be tomodify the model to address deficiencies or to add
additional levels of detail or functionality.

The previous three evaluations provided the basis for the fourth evaluati@nalyssapproach

was toexaminethe overall modelstructure todetermine howsubsystemsre mappednto the
distributed architecture and system designgw computer/communication resources are
represented; how the workloads are mapped onto the resources; and how the input parameters are
provided to the model and how they are used within the model framework.

A well-structured model should be able to accommodate modifications in requirements and design
without thosemodifications requiring significant changdsroughout themodel. Themodel

should also be structured sutiat statisticxollection can be added orodified. Ifthe model is
sufficiently modularized, then changes can be isolated, and additions can be made without
perturbing other parts of threodel significantly. However, this modularization depenst only

on themodel desigrbut on thecapabilities othe modeling tool as well. In sonwses, it is not
completely possible to prevent dependencies of model components and parameters across
multiple parts of the model.

5.1.2 Evaluation Metrics
The evaluation metrics used for the Performance Model assessment are categorized as follows:

* Engineering Quality

* Testability
» Traceability
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«  Flexibility

5.1.2.1 Engineering Quality Metric

The EngineeringQuality metric is defined iterms of the completeness and correctness of the
model in representinpe ECSsubsystem functionthe distributedystem design, arttle system

users. The quality of the model’s results are directly affected by the completeness and correctness
of the system representation. The model shaotdude all sources of instrument pioct
workloads andaill user serviceequests. It shoulohclude allthe subsystems antthe distributed
computer and communication resources that have to be sized.

This metric is partially a measure ®&CS functional traceability since it measures the
completeness of the representation o8& functions and workloads. Further, it measures the
correct representation of théesign and its associated performance parameters thath
components can be sized and performance requirements can be traced (see traceability metric
below).

5.1.2.2 Testability Metric

The testability metric idefined interms of the methods used f@lidation ofthe outputesults.

The results from the model should eventually be validated by testing. Metrics should be defined in
the model suchthat correspondingmpirical measurements can to@de. Further, thenetrics

should have statistical measuresvafiability computed in addition tenean values such as
variances, percentile distributions, and confidence intervals. These statistics provide bounds for
the metrics (i.e., the possible expected ranges for the metrics when they are measured).

Short offull system testingthere is additionavalidation analysishat can be performed on the
model results. Prior to any actual measurement, tineodel results can be validated dyalysis
techniques(e.g., queueingnetwork theory). When results assailable from even limited
measurements, such as benchmarks, more confidence can be gdirechadel’s results by
calibrating the model’s inputs based on measured parameter values, and by compaioadglihe
output to performance metrics measured for the limited benchmark tdlsesthe full system is
tested, thesameprocess can be performed on a largeale forthe model. Conversely, the
validated model can be used to guide testers bjocusingthe tesicases on theritical cases,
and also during the operational phase of the system for capacity planning purposes.

5.1.2.3 Traceability Metric

The Traceability metric iglefined interms of theability of the model to assess design
performance antrack performance requirements. The statistics collected imtigel should
provide the data to make these assessments. The computemandnicatiormesources have to
be sized sahat theperformance requiremen{ge.g., responséime) can be achieved. It is
essentiainot only to makethe correspondence of the performance requirements tootte
components but also to lable to determine whahe performance drivers dteat impact the
requirements compliance.
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5.1.2.4 Flexibility Metric

The Flexibility metric is defined interms of themodel's ability to evolve to incorporate
modifications. The model may need to be modified to examine deficiencies in its representation of
the preliminary desigr{e.g.,functions, desigmesources, or workloadsissing fromthe model).

It will need to bemodified toincorporate additiondevels of detaifor the detailedlesign(e.qg.,
additional details fothe hardware, software, andmmunicationsietworks) to evaluatdesign

options and to demonstrate the performance requirerbemigliance aCDR. It mayalso need

to be modified tcaddress changéproposed or actual) irequirements for new functions, new
users , more frequent use, different scenarios of use (i.e., evolutiorhmw the users use the
system).

The flexibility of the model to accommodate changes is prob#i#ymajor factor indetermining
its long term usefulness as a performance analysis tool for the ECS program.

5.2 Constraints Affecting the Analysis

The following constraints have prevented a compkatalysis ofthe performancenodel at this
time:

e Limited time;

* Limited documentation; and

* Unavailability of model results and execution conditions.

The performance model was delivered by HAIS on Jan@&ary 1995This version of the
performance modedoes notcontain the completunctionality planned byHAIS or the latest
version of thedata provided by the AHWGPThis latest version iactuallytwo separatanodels
that are nointegrated. Neither of th@odels was provided in executable form, and neither has a
full set of input parametelata. Wereceived an earlier version tife model on December 15,
1994. Howeverthis preliminary model has limited functionaléydonly one set ofnstrument
parameter values. Furthenanysubstantial changes were made to ithigal version. Also, at
the time of this analysishere was no documentati@vailable onthe HAIS SDP $reliminary
design. The only ECS documentation available from HAIS iSyiseem Design Specification for
SDR. Therefore, thergas been very little time and informati@n analysis othe latestersion
of the model.

HAIS hasnot developed documentation on thedel and hasot provided walkthroughs or
other detailed descriptions others than wihais been shown and provided at the AHWGP
meetings. The BONeSmulation tool provideshe capability toannotate thenodel modules.
HAIS hasnot documentednany ofthe modules (ofvhich there areapproximately3,000). In
general, thenformation provided representedre@ry limitedset of what is needed forcamplete
understanding of the model.

We have received flow diagrams depictogtaingest and production processing for ASTER,
MODIS, LIS, and MISR, andhigh level subsystem functional flow diagrafe the Data
Handling, Processing, Schedulkrgest, and Distribution Subsystemglany changes have been
made inthe BONeSnodel implementations, howevepdated digrams haveot beerprovided.
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Theonly modelparameter data provided for thmush” workloads is for the ASTER instrument.
For the“pull” side, datahas only beeprovided for the transaction request parameters (i.e.,
arrival rates, service types and functions, and initial DAAC location).

Since no model results wedelivered withthe model and neither model is in executable form, we
have not been able to evaluate the model results.

As a result of theskmitations, we have only done a preliminary evaluatiothefmodel at this
time. However, we havestablished @horough criteria and methodology fevaluating the
model. Appendix C containgiany performance modeling tablekat areincomplete in this
report. This information can serve ke basis of amore comprehensive evaluation when a
complete model is available.

5.3 Results

5.3.1 Discussion of Results

The results of the Performance Model evaluation are discussed below and are organized by the
four evaluation areassystem design representation; model input parameters; mataht
statistics; and modstructure. Thenodel evaluation is based tre following sources: the User
Scenario Functiona\nalysisand associated User Model data; data fromAtH&/GP and the
Algorithm Theoretical Basis Documents (ATBD#)e System Design Specificatid®DS) from

SDR; discussions aratiefing information fromHAIS on what is in thenodel; andoreliminary
versions of the Performance Model. The tables and descriptions in this section and in Appendix C
layout the complete evaluation of the Performance Model. The complete evaluation cannot be
performed at this time due to the constragiten inSection 5.2. Thevaluation itemsrebased

on current documentation apceliminary versions athe Performance Model and coualthnge

based on the final version of the model and documentation on the model and preliminary design.

5.3.1.1 System Design Representation

For this evaluation HAIS has providédo separate models, several inpatafiles, and various
flow diagrams, spreadsheets and parameter descriptitmvgever, there igery little consistency
or integration among these differesdurces of data. Th&o models providedmplement: 1)
“push” workload generation and executitows for AM-1 and TRMM instruments plus a partial
representation dpull” workload generation and executibows for three service types (referred
to as the Version 1 model), and 2) a separate “push” workjeadrator with 1Service types
(referred to as the stand-aldipaill” model). If no distinction is made the text, theeference is
to the Version 1 model since it represents the most complete version.

Descriptions of theubsystems ithe SDSdefine whatarchitectural components should be in the
model. Ideally, documentation tfe preliminary desigrshould provide anothgrimary source
for determiningwhat design components should be containethé model. Howevesince no
design documentation wasailable athetime of our analysis, waused thepreliminary versions
of the model as a secondasgource fromwhich we derived design details. We have not
constrained the evaluation with respect to wdegign components should betle model by
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what isactually inthe model; we have used it (because ithis only sourceavailablenow) as a
guideline but supplementing it with experience in modeling distributed systems.

The detailedset ofexhibitsshown in Appendix C W provide thebasisfor the evaluation of the
model's completeness awdrrectness, with respect to tBESdesign representation, when the
final version of thenodel and associated documentation becavadable. The exhibitsare TBD
for this release ahe TAR. Exhibit 5-1 contains #st of thoseAppendix C exhibits and larief

description of the contents of the exhibits.

Exhibit(s) Title Description

Exhibit C-1 Subsystem Sites Subsystems at DAAC Sites

Exhibit C-2 Subsystem Services Service Classes by Subsystem

Exhibits  C-| Subsystem Input and Output Activities by Subsystem

3,...,C-9 Activities/Processes and DAAC Site

Exhibits  C-| Data Files Data Files by Instrument and DAAC Site

10,...,C-37

Exhibits  C-| Production Processes Production Processes by Instrumerft and

38,...,C-65 DAAC Site

Exhibit C-66 | User Workload User Services - Process(es) executed

Exhibit C-67 | Production Workload Production Processing- Procegs(es)
executed

Exhibit C-68 | System Resources System Resources by DAAC Site

Exhibits  C-| System Overheads Overhead by Workload and Overhead by

69, C-70 Resource

Exhibit C-71 | Process Input/Output Files | Input and Output File Requirements by

Process

ExHIBIT 5-1: Exhibits Of Model Evaluation Results

The results of the evaluation of theeliminary versions ofhe model andhe associated data are
discussed below.

All of the subsystems describedtime SDS appear to lecluded(to varying degrees of detail),
with the exception of th€lient Subsystem, in either the Version 1 integratedel orthe stand-
alone “pull” model. The subsystem servicaege represented by processing and/or stsagdce
time delayscomputed from service demand and service capacity parameisyork file
transfers and user requests are represented by trdaksfgs alsceomputed from servicgemand
and service capacity parameters. A mapping of the subsystem representations is given below:

Data Server Represented by thizata Handler and User Processing modules.

Ingest Represented by the Ingest module.

EOSVV-0506-02/10/95

5-7



EOSDIS Core System (ECS) Modeling Assessment Report

Interoperability : Represented by the inter- and intra-site netvioks (resources); it is unclear
whether the Advertising and Subscription services thfe Interoperabilitfsubsystem are
represented.

Planning: 8-10 static rules are implemented in the Event Driven Scheduler module.
Data Processing: Represented by the Processing and User Processing modules.

Data Management: Represented in the Data Handler and Distribution modules - the stand-alone
Pull model include®IM, LIM, Data Dictionary, andAdvertising Agent function and 12 more
user services not included in the Version 1 model.

Client: There does not appear todm®/ processing and I/O representation of the Chentices;
however, the Pull Generator module represents the Client transaction sources.

The distributed DAAC sitesre represented by computer resource arraysdisaession of
resources in Section 5.3.1.4 below) in ubsystem modules. Each DAAC site is assumed to
containall of the subsystems, and each subsystem is assumed to havwitset of computer
resources. Thenodel currently allows amaximum of 14sites. The siteglentified inthe model

input are: ASF, EDC, GSFC, JPL, LaRC, MSFC, and NSIDC. datails ofthe inter-DAAC

wide areanetwork (WAN) or thantra-DAAC localarea networks (LANS) are represented other
than the links (e.g., routers, communication devices, or protocol functions are not represented).

For the“push” workloads,data files and production processes areludedfor AM-1 (i.e.,
ASTER, CERES, MISR, MOPITT, and MODIS) and TRMM (i.e., CERES, LIS, GV, PR, TMI,
and VIRS). Logic igncluded torepresent network anghysical mediangest and production
processing and data storage for ithegruments listed above pltwo othercategories: NMC and

a catch-all categorgalled “other.” The TRMM and AM-1 workloadicluded inthe model
inputs account for ove®9% of datavolume and processing requirements of Priority 1
requirements (from SPSO database numbersalamat 39% of data and processiequirements

of the SPSO grand total. The SPSO numbers do not include VO and reprocessing loads.

The modeldoes notinclude loadgor VO migration, reprocessing, or platforms beyond TRMM
and AM-1. Specificallynotincludedare thefollowing sources of data: ACRIM, AIRS, AMSU,
AVHRR, CERES PM-1, CIl, COLOR, DAO, DORIS, ESOP, ETM, GLAS, HIRDLS, MHS,
MIMR, MLS, MODIS PM-1, SAGE Ill, SOLTICE, SSALT, SWS, SeaWiFS, TES, and TMR.

The “pull” model is invarious states ofletail and implementation. Theost completenodel
(i.e., Version l)that we havereceived has a partial implementation usfer service request
generation and execution flawrough thesubsystem modules. A revised “paper model” shows
“pull” workload flow through a set of useservicesthrough one or more DAACs. HAIS has
partially implemented thipaper model.This separatenodel is just d&pull” workload generator
with a largerset of useservices and representation of Data Management proces$img.
enhancement has not been integrated with the other model at this point.
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The stand-alonépull” workload generatomodel implements louser service types. These
service types should be mappedto thelist of 49 services identified ithe User Scenario
FunctionalAnalysis (seeExhibit C-66) to evaluate completenesBor each useservice type in
the model, there are separate processes representing the Data Management Aohatidisg)g
Agent (AA), Distributed Information Manager (DIM), Local Information Manager (LIM), Data
Dictionary (DD), and the databasmanagement syste(®BMS) function of the Data Server
(DS). With probability pthe executiorflow goes to one of théve processes for the particular
user service request as shown in Exhibit 5-2. HAIS has made estimates ffer tA&mugh not
implemented irthe “pull” workload generator, the paperodel showsne or mordlows from

the DIM to the AA and LIM and from the LIM to the DBMS.
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User Service Typeg AA DD DIM LIM DBMS
Simple Search, 1p; P2 [0 P4 Ps
Site

Simple Search, M
Sites

Match-Up Search,
Site

Match-Up Search
M Sites

Coincident Search
1 Site

Coincident Search
M Sites

Archive (Insert)
Ingest

Inspect (Browse)
Produce

Exchange
Standing Orde
(Subscription)
Manipulate (Subset
Modify

Acquire (Exchange

ExHIBIT 5-2: User Service Types And Processes

The stand-alone€‘pull” model samples from several distributions in implementiipyll’
transaction execution flows. These are described below:

» Diurnal Transaction Profile Distribution: determines servécpiestfrequency by time
of day;
» DAAC Distribution: determines the source DAAC where the service request occurs;
» Service Type Distribution: determines which type of service is being requested;
» Service Function Distribution: determines which service functi@xesuted for the
service request (i.e., AA, DD, LIM, DIM, or DS); and
* Multi-site Distribution: determines the multigBPAAC sitesfor requests natatisfied
at the sourcddAAC (the logic and inputdata forthis part are noimplemented in
either version provided).

The Performance Model represents computer and network resources $abslgstems at each

DAAC andfor the CSMS networknks. The resource types for the computers consists of
processors, disks, read/write headdots,and input/put channels. Memory is assumed to be
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unconstrained and itincluded as @aesource. The network resources ardlitiks between the

DAAC sites and withinthe sites between tlsabsystemcomputers. EHIBIT 5-3 shows the
computer resource types represented inntiagor model modules. Theetwork resources are
included where transactions are routed between subsystems within a single site or between sites.

Model Processors Disks I/O0 Robots Read/Write
Module Channels Heads
Distribution X X X
Data X X X X
Handler
Ingest X X X X
Processing X X X
External X X

EXHIBIT 5-3: Computer Resources Types

The resources are modeled as multi-queue, multi-seergice centers with first-come, first-
served (FCFS) preemptive priority serviaiscipline. The assumption ihat a resourceerver
locks out all other lower orequal priority requestsntil the service requirements ttfie current
transaction have been met . This assumptiamoisrealistic giventhe nature ofime-slicing
operating system schedulers aretwork protocolffragmentation-reassembly algorithms. Direct
overheads (i.eserial delaygor transactions) for functions likgotocol, useiinterface, andile
transfer software armot included. For userpull” searches, the paperodel shows database
management software fdhe Data Server Subsystem, this hasnot beenmplemented.
However, no file management processing overhead is included for “push” workloads.

5.3.1.2 Model Input Parameters

Performance Model parametensy becharacterized into workload, procesk, resource, and
topology parameters. Workloalave parametethat providetheir execution flowthrough the
systemresources frequency of occurrence, and epoch(s) of activity. Processes should be
parameterized by their execution site, resources used, resewt® demands, and their input
andoutputrequirements.Filesshould be parameterized by their location, siaage retention
status, andspecialized parameters relatidgta segmentation infoation. System resources
should be parameterized by location, capacity, quantity, service and queseiplines, and
indirect overhead Finally, topology should be parameterized by site locationscandectivities
within the site resources and among the sites (i.elpthé and widearea networks). The
minimum set ofspecific parameter categories thsttould be included ithe ECSPerformance
Model for thefive parameter groups asemmarized in Exhib®-4. The results of thevaluation
of the Performance Model parameters are discussed below. The evaluabstlyiIBD atthis
time.

| Parameter Group | Parameter Categories
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Workloads Category, Name/ldirrival Rate, Source, Destination, Epogh,
Process(es), WAN Links, Link Service Demand

Processes Category, Name/Id, Site/Component, Site Resources, Rgsource
Service Demands, Input File(s), Output File(s)

Files Category, Name/Id, Instrument, Size, Site Resources, Tenjporal
Coverage, Archive Site, Storage Retention

Resources Category, Name/ld, Site/WADNNk, Quantity, Backgroung
Overhead, Capacity, Service Discipline

Topology Intra-site  resource connections (resource ids), Intey-site
connections (site ids)

EXHIBIT 5-4. Minimum Model Parameter Categories

In general the Performance Model contains the abetef parameters. THpush” workload
parameters are more mature than those fotpil€ workloads. However, we hawmly seen a
stand-alone model dhe “pull” workload generator dhis point. We expedhe maturesersion
of the full “pull” model to be comparable to the “push” model in terms of it parameter set.

One of the parameter areas identified above is overhead. In some cases in a Performance Model it
is reasonable to represent some aspects of resdencandimplicitly as anoverhead to the
resource capacity. Thastification is hat anexplicit representation of the overhedy require

a substantial implementation effort witimly a marginal increase mccuracy of performance
predictions. Thisapproach requires experience to use; should bejugdetusly; and have a

realistic basis. Inthe current version of thmodel we have identifiethree uses of overhead
factors:

» CPUefficiency -represents thkevel of processingefficiency possible as jpercentage
of the vendor’s claim; 25% is the current default value;

* Network link - for both inter- and intra-site networks, the percentageno$able
bandwidth due to protocol data and operation; the current default value is 0; and

* Overlap between CPU and disk service times- repretentdegree of pdlal/serial
operations of thelevices; 0 represents completely serial, 1 represampletely
parallel; the current default value is 1.

The firsttwo factors above areommonlyused to represent background overhead (i.e., resource
consumptionthat is not on theserial delaypath of a transaction but contribute to transaction
gueueing delay). We have no indication at this point what 25% CP&fficiency factor
incorporates as overhead. It was a suppliedhby ProjecOffice for use in de-rating CPU
capacity. The factor can be used to repreddfierent mixes ofinstruction executed, operating
system functions, andther system management delays such as swapping, pagingtamdpt
handling. None of these overhead activities are represented explicitly in the model.

In the current versions of the model, ttwork overheadalue iszero. Overhead should be

included for  protocol headerand trailers, control packefs.g., flow control and
acknowledgments), and multi-user access methods vapplieable(e.g., CSMA/CD or token
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passing). This kind of information can be derived from information containguaotocol
specifications.

The third overhead factor listed above is suspect in terms of producing accurate Yehidtst
may capture the totaterial service delathat a single transactiocexperiences between the two
types of resources, it will lead terror in determiningthe queueinglelay experienced by all
transactions that pass through the resources. Anpthblem with using thigspproach is in
determining a realistic badisr the estimate of the factor. A reasonable estimate will have to be
derived from empiricadata fom aprototype or an actual productienvironment. While
sensitivity analysisan be performed with a range of valt@sthe factor, it istill necessary to
know wherewithin the range aominal value willfall for thegiven set ofapplications. Finally,
therewill be aproblem in accurately separatirgsourceutilization forthe CPUs and disksThis
will make sizingthose resourcedifficult using the results from the model. A separsing
approach would probably be required.

5.3.1.3 Model Output Statistics and Performance Metrics

The basisfor evaluatingthe Performance Model in the areaoafput statistics is the EOSDIS
Functional and Performance Requirementscmimonlyused performance metricsenaluating
distributed systems. The results of the evaluation are summarized below. Ext#biResource
Metrics, andExhibit C-73, Performance Requireme@smpliance, in Appendix C provide the
basis for evaluation of the final version of the model and its results.

Since no evaluation conditiom®r results were provided, we canasesess those characteristics
of the model. We can, however, assess what performance statistics the model collects.

The model has numerous statistics collection probes defined. cl@se of BONeS probes
produces resourcatilization and number afesources in simultaneous usExamples of these
probes can be seen in thap level BONeS diagram irExhibit 5-6. These arevaluable in
assessinghe design in a limited wayput do notallow evaluation ofmany ofthe performance
requirements (e.g., response times).
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It should benoted that the steady state resourttézation-type statistics described above can be
computed by asimple formulabased on arrivatate, resourceservice demand, and resource
capacity, and do not actually require the execution ddithelation model to quantifyHowever,

the distribution ofutilization over time cannot be producepractically without the simulation
model. The utilization-type probes that have been defined in the model are listed in Exhibit 5-7.

Resource | Ingest Data Distribution | Processing| Interoper- | External
Handler ability

Read/Write | X X X

Heads

Robots X X

Processors X

Disks X X X X X

I/O X X X X

Channel

Inter-site X

Links

Intra-site X

Links

EXHIBIT 5-7: Utilization-type Statistics Probes

The otherclass of BONe®robes collectsystem statistics such as respadirse andthroughput
across multiplesystem modules. Thepeobes aralefinedfor the BONeSnodel as gart of the
simulation execution configuration conditions. Since we do have access to an executable version
of themodel atthe present time, we cannot assessnitiasion of thistype of probe. However,
based on verbal information provided by HAIS, Wweow that there are probeatefined for
simulation level (e.g., we have seen throughput results provided by the HAIS modeling team).
Based on verbal information provided by HAI&e model has been executed fiadividual
TRMM and AM-1 instrument loads buabt forcombined “push” loads. Alsaincethe “pull”
workload portions of thenodel havenot yet been integrated, those workloadseh only been
executed in the stand-alofmull” model. We have no indicatiowhether resourcatilization and
other performance metrics have been assessed for the “pull” workloads.

5.3.1.4 Model Structure

In general, the ECS Performance Model is well structured. Subsystems are represented separately
in modules, and resourcedthin subsystem moduleare representgohrametrically. These
features will aid inminimizing modification effort. Many workload and servicelemand
parameters for the modules are read ffies or are providedia screen input. Consequently,

many changes can be made simply dgta input. There are arealiscussed below, where
changes to the model will ripple through multiple portions of the model.

Exhibit 5-6 shows the actual BON&®ck diagram (fronthe BONeS Block Editor) for the
highestlevel ofthe Performance Model. The BONg&tem modules dhe top ofthe diagram
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represent themajor SDPSsubsystemsthe “push” andpull” workloads, andother necessary
modeling functions.Each module in theliagram hasnany more block diagrams underneath it
arrangechierarchically. There are over 3,000 totalodules in the model. Thiagram shows a

probe module(at thetop ofthe diagramjhat implements user-defined statistics collection
functions. The diagram also shows model parameters (representied Ibstter ‘P’),system
resources (represented by the letter ‘R’), amabel variableghat are shared acrossultiple

blocks, called memory (represented by the letter ‘M’). Model parameters, resouraasnaomgt

can be defined for each block level. Parameter values are provided from file input or screen input.

The BONeS system modul@aplementthe functions of th&CS Subsystems and “push” and

“pull” workloads. Subsystems f®@AAC sites, siteresources, interconnecting netwditkks

between the sites, and users frdifferent locationsare represented in these moduldhe

system resources, which are actually arrays in the mottelare, represent the processdrsks,
networklinks, etc. at theDAAC sites or betweethe sites. These resource arraysiratexed by

site and resource type. Process éledparameters, read froriiles in some of thesystem
modules, populatdata structures, anemory. Some of elements thie data structuresontain

values for the resource array indices. The values are used by routing functions implemented in the
system modules. Workload execution flaaveimplemented byhe data structurdseingrouted

from one system module to another. Service demand values for processes, files, and network data
transfers (i.e., messagesfibes) are also read frorfiles and passed asemory variables to the
appropriatesystem modules ithe simulated transaction flow. Parameters suclreasurce
capacities are provided alues and expressionsad from screen input. These atenbined

with the resourceservice demand parameters in system modulenapute resourceervice

times for transactions.

Existing representations of systeworkload, architecture, ardesign can be modifieasually by
changing parameter values; however, additions or deletions in most cases will require
modificationsthatimpact more than one major moduléor example, existingvorkloads can be
changed withouaffectingothermodules bymodifying file inputs, and processes can be move to
different sites by the same method. Quantities of exisgmurcesvithin an existingpool can be
changed by modifyingesource parameters with mopact toother parts of thenodel. Statistical
probes can be added wittile or no perturbation t@thermodules. However, new workloads,
subsystem functionality, amdsource pools cannot be added withreding modules or resource
pools andnakingappropriate changes athermodulese.g.,mappingworkload execution flows
onto resources).

5.3.2 Identified Problems

The mosimmediate problemare: themodeldoes notnclude allworkloads for the TRMM and
AM-1 timeframe; it isnot yet fully integrated; and a performanaealysis of althe “push” and
“pull” workloads has not been performed.

A second set ofproblems relates to a more accurate representatieystémresources and
system overheads.This is importantfor accurately predicting performance (&ssessing
requirements compliance) and for sizihg@ resources (as input to thestmodel). The three
main problems are :
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* No direct processor resources are represented for subsystems other than Processing;
* Network and computer system overhead functions have mostly been ignored; and
» Service queueing disciplines are all assumed to be first-come, first-served.

The consequence of the fitgto problemsare thaidelay andorocessouwutilization will be under-
estimated, and unlesshertechniques supplement thienulation modefor sizing the processors,

cost may beunderestimated. The consequence of the gasblem isthat delays will be
inaccurately overestimated. The impact of this coulthéeddition of resourcgso meettiming
requirements) which could translate into higher system cost. These additional resources might not
be necessary to meg¢he performance requirement&inally, we tave no indicatiothat
appropriate statistics probes have been definddhis is necessary to assess requirements
compliance.

5.3.3 Potential Issues

The major potential issue fire CDRtimeframe is memory sizingThe currentmodeldoes not
represent memory. It 180t necessary to model memomgage in thesystem model aPDR.
However, once detailed softwamiesignsare developednemory requirements should be
developed. This can be more appropriately addressed with subsystem models.

The absence of thélient Subsystem ithe Performance Model is another potensgislie because
it is a component oflelay for user respond@me requirements. This 1ot anissue for The
TRMM Release becaugbe VO IMS software is expected to be useglate of theClient
software. However, there should be an assessmeetayf and utilization afhe Client software
for the timeframe beyond the TRMM Release.

5.4 Conclusions

5.4.1 Engineering Quality

The engineeringjuality of the Performance Model is somewlaited because thenodel is
incomplete anchot fully integrated. However, thievel of detail isreasonable to assess the
preliminary desigonce enhancemendse made and integrated, aall workloads are considered
in the performance analysis.

Although themodel isnot integrated at this point and @analysishas been performed widtl of
the “push” and'pull” workloads, thenodel appears to havke necessary workloadapabilities
to assess the TRMM and AM-1 releases with the exception of reprocessing amdratibn
loads. These missing loads are significant and will affect performance and cost.

The model assesses processing requirenmmysfor the Data Processirfubsystem. The
processing demand fdhe Ingest data inp(e.g., for interrupthandling) isbound to be
significantbecause of thkigh data rate even thougitience processing algorithraie notbeing

executed. The processimtglaysfor Ingest and thether Subsystemsre serial delays and
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contribute to processor loadinglhey need to be included to sittee processors for costing
purposes and to assess the performance requirements compliance.

Adequate estimation of system overhead performance parametart bagrmade at this point.
Network protocolslike TCP/IP, among others, and operatisystem functions, will impact
performance and cost.

The exclusion othe dient Subsystem is a secondary concern for PDR; howéseprocessing
within Client Subsystems ipart of theperformance requirements timeline for uservice
response times and providie basisfor sizing the @ent hardware. Processing and network
service demand requirements for Client graphic user interface soévedygically significant.
Even though HAIS isnot providing the (@&nt hardware, requirements for @inimum
configuration to host the Client software should be developed.

Another potential performance aodstissue iscomputermemory. The modealoes noaddress
memoryusage. This is reasonabler PDR. However, because of the ladg¢a andorocessing
memory requirements it should be considered for CDR.

5.4.2 Testability

The testability othe Performance Model’s resultstlais point isnil because thenodel is at a
state of very limited maturity in this area.

5.4.3 Traceability

The traceability of performance requirements in Performance Model at this pdibeisause the
model is at a state of very limited maturity in this area.

5.4.4 User Satisfaction

The ECS Performance Model and its results can be usgge&d advantage by the HAIS
designers, the NASA ProjeCfffice, andthe instrument teams. Thedel has apparently already
been used to a limited extent by the HAIS designers.mibueling team hagported thatdesign
decisions have been made based on modasgts. As HAISefinesthe design to lowetevels

of detail, theywill be able to base design decisions on madsults of thedesign alternatives.
The instrument teams will bable to develogstrategies for reprocessing arefining science
processing parameters basedamlyzingresource consumption results from the model. The
project teamwill be able to assess requirements compliamoest implications, and design
robustness to requirements changes. However, becausedhkis very large and complex, and
because of the performanoedeling expertiseéequired, it will probablynot bedirectly used
extensively. Users other than the HAISd V&V modeling teams W require extensive training
to use it effectively.

Forall of the users of the model, itextremely importanthat themodel’s results can Heusted.
Therefore, thevalidation ofthe model and itsbility to produce results thaian be used to assess
the design is most critical.
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5.4.5 Trends and Projections

For futurereleases of thmodelingTAR, this section will document whtte track record of the
model is (i.e., hashe model become moraseful sincethe last snap-shot)This evaluation
represents the baseline point for future assessments.

Theflexibility of the model to be modifiegasily toaddress deficienciesilivoe adriving factor in
whether themodel will become moreaseful inthe future. Thenodel appears to haweafficient
flexibility to support modifications with reasonable level of effort.

5.5 Recommendations

5.5.1 Areas Requiring Further Analysis

In this document we haweefinedthe evaluation criteria and methodology dealuating the
Performance Model. Because an executable, integrated Performance Modalt heen
provided to us, we hawenly been able tperform apreliminary analysis of an incomplete model.
Whenthe complete, integrated Performance Modelvalable, athoroughevaluation of the
model and results generatedtbg model usinghe methodologgefined in thigeportshould be
performed. Some of the tablesAppendix Care expected to brefined and expanded in the
process of the detailed evaluation. Agaat of thatevaluation,availabledocumentation on the
preliminary desigrand themodel should be examined, and a detailed performamalgsis should
be performed using the model.

5.5.2 Solutions to Important Problems

The HAISmodeling teamappears to be on the right track gmlvingthe problem of integrating
the separatenodels into a single model. The model wiit beavailable to us t@support PDR
analyses.

The problems of addinthe VO and reprocessing workloagd require a moderate amount of
modifications tothe model. Thenodelmay be able taccommodate the reprocessing loads
simply by increasinghe direct processirgrival rates or with simplemodifications (e.g.,
implementing anew workload generatdhat uses thesame processing functions the direct
processing workloads)Implementingthe VO workload processingill probably require more
effort (e.g., adding new production processing logic in addition to a new workload generator).

The problem of representimgsourceservice disciplines ggst-come, first-served (FCFS) can be
correctedwith minimal effort. BONeS provides theapability to model service disciplines as
round robin withuser-specified time sliced-or example, to modehe packet fragmentation for
the networkfile transfers, tha@ime-slice iscomputed from packetize andthe link bandwidth
adjusted for protocol overhead. It will probably be necessary to otfaseehanges to reflect the
nature of thepipelining of data between thdisks acrosshe networkThis is a very straight-
forward approach to correcting the inaccuracy of using FCFS.
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The problem of addingrocessors, processes, asavice demands taccount for processing on
Subsystem®ther than Data Processing will requiresignificant modifications tadhe model.
Process service demand parameters musiefiaed inthe model and estimates faervice
demand must be madé&rocessor resources mustdefined and logic modified within existing
Subsystem modules to mdpe workloadflows through the processor resourcesSystem
overheads can be determined framotocol specification, empiricadata, and performance-
oriented journals (e.g., Computer Measurement Group Proceedings) and periodicals.

Defining additional st#stics probes(to assess performance requirements compliance)
conceptually easy given the capabilities of BONeS in this area. These can be definadiméh
effort once an integrated and executable modelagable. In someases thenodelmay need to
have statistics variables definedhie data structure amdinimallogic added in a few modules to
collect data to implement the probes.

5.5.3 Risk Management

To contain risk on performance requirements complianteeoECSdesign and omaccurate cost
estimation, we recommend that the Project Office support the following activities:

* Continued model assessment throughout the lifecycle;
» Assess cost and performance impacts of problem areas identified;

» Conduct sensitivity analysis of keyparameters (i.e., what-ifinalysis for the
performance drivers and parameters where uncertainty exists); and

* Supportinstrument teams irefining their model inputge.g.,making modelkuns and
providing results to the teams); and

Assess memory requirements and performance impact of memory.
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6. COST MODEL

The CostModel is intended to estimate the resources required to developparate ECS
architecture alternatives (gmartially derived fromthe Performance ModeNRithin schedule
constraints. The Co#Mlodel is currently implemented as a collectiontlofee types of stand-
alonecostestimation methods: Custom Software, Operations and Maintenandgonaercial-
Off-The-Shelf(COTS) Hardware and Software. The findings ofratependent assessment of the
cost modeling activities in each othese three areasncluding analysistasks performed,
constraints affectinghe analysis,tools and databasesilized, andanalysisresults, conclusions,
and recommendations, are presented in this section.

6.1 Analysis Tasks Performed

The cost modeling analysis entailed examination toe Custom Software, Operations and
Maintenance, and COTS Hardware and Softwastestimation methods employed the ECS
contractor (i.e., HAIS).These three estimation methods correspond todsiebreakdowibeing
used by HAIS and encompass the wvastority of the costs associatedth developing the
system. Because the modeling done by HAIS is different in each of the three areasutt®n

for each area was somewhat different. Henceytr& done inanalyzingeach area is described
in separate subsections below.

In performingthe analysis, a commoset ofevaluation criteria was use&ey evaluation areas
include the following:

. Completeness

. Correctness

. Accuracy

. Technical integrity

- traceability to requirements
- engineering quality
- testability
. User satisfaction
- support for the engineering process
- implementation

The detailedneaning othe evaluation criteria is describedAppendix D. It wasiot possible to
analyze all ofthese areas for every modeliagea. Therefore, th#ems analyzedor each
modelingarea are reported in the separsu®sections below. Second, some ofdahaluation
criteria have somewhat differemeanings whegonsidered in the context ofspecific modeling
area. Those specific meanings are also documented in the relevant subsections.

6.1.1 COTS HW and SW Estimation

Three models have been utilized by HAISthe estimation of COTS hardware and software
costs: the COTS coststimation modelthe COTS procurememodel (a.k.a. theBill-of-
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Materials procuremermostmodel); andhe distributioncostsensitivities model.The COTScost
estimation model and the COTS procurement model were examined in this work.

The parameters that tenddave cost,and are therefore strongly related to accuracy, in the area
of COTS hardware and softwarelude numbers ofomponents, the cost per component, and
cost trends. Regarding number of componentise key issue addressed wasw thenumbers
were derived.This in itself is a complex issu@.here was no attempt this analysis tauplicate

the performancenodeling analysiseported in Section 5. Rather, the goal waslétermine
whether performanceodelingwas used orat, and if ot, whattechniques were used. For
componentcost, theobvious key issue is wheth#re costs used fapecific components are
similar to thoseavailable inthe marketplace Given the historical increase in performance and
reduction in cost as fainction of time, and the fa¢hat any major systerauch as EOSDIS is
always builtover a period of time, thkey issue witltost trends isvhether thathistorical
performance improvement, or cost reduction, has been accounted for in estimating costs.

Regarding user satisfaction and the CQDBSt estimation, the&key issue is whethéhe model
supports itgrimary purpose, i.e., trade-o#nalysis. Speed and ease of use keg to achieving
that purpose. In contrasggarding the COTS procurement model, kbg issue is itability to
produce accurate costs. Rbrs model, speed and ease of ase less of an issue. Attention
must be paid to details regarding the specific components used, their numbers, and their costs.

In order toevaluate these issues a variety of methods was usednifidiglan was to become
familiar with the models, their purposes, and the gemneaigltheywereimplemented, and then to
obtain themodels andexamine them directly. When it became clibat themodelswere not
going to be made availabline analysis becammore focused otearningabout themodels and
performing the evaluation on theasis ofthat knowledge. Thespecific methods used are
described in Appendix D.

6.1.2 Custom SW Estimation

Unlike the COTS hardware and software estimation, custom software estifodtoas asingle
approach. However, this approach is comprised of sesteygd. Therefore, each step had to be
evaluated separately.

Completeness and correctness caowdt beevaluated due to a lack of information. Thajority

of the effort was focused on determining witat steps in the process are and how thepeaing
performed. It was determinedrly inthe evaluation process that a somewhat new method was
beingused to estimate software size. Therefoleyeaspect of thanalysis immediately became
whether that method was valid or not. Some of the specific tasks performed included:

. Determining what methods exi$br estimating software size/eff@iven an
object-oriented desigf©OOD) process and the degreewbich they have been
tested,;

. Searching for an established relationship betweencelines of codgSLOC) and

(OOD) entities; and
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. Empirically determininghe relationship between SLOC and OOD entities such as
objects and methods in existing C++ software.

The analysiswas performedrimarily by interviewingthe model developer andnalyzing the
stated approach, as reported for COTS hardwark software estimation above. Since, the
estimation approackbeing used is somewhat new, tranalysisalso involved querying the
literature and engineeringommunity for existence/familiarity withstated approach and for
recommended strategies. The specific methods used are described in Appendix D.

6.1.3 Operational Cost Estimation

Operational costs are driven by personnel costs. Therefokeythgsues regarding estimation of
operational costs center around hpgrsonnetosts are estimatedCompleteness in thiontext
refers to whetheall the required types aftaff are accounted for. Correctness refers to whether
the types of personneicludedareall required. Accuracynvolves analysis ofhe ratesutilized

and whether the upward trend of personnel cost as a function of time is accurately represented.

The analysiswas performedorimarily by interviewingthe model developer andnalyzing the
stated approach. Trstaff allocations performed for SDR were provideaitb understanding of
the organization oftaff functions. Howevethe numbers of staff reflected in this material were
characterized by HAIS as out-of-date and invalid, and therefore, were not analyzed.

The average cost of a man-year was computed to compare with the figanmegsised by HAIS.
This wasdone byassuming a typicahix of labor categories and costs per labor category. The
averagecostresulting from these assumptions was then computed and comparedstatdide
value.

6.2 Constraints Affecting the Analysis

Overall, the non-availability of models aodstinformation severely limitethe degree adnalysis
that could be performed in b#asttwo ways. First, although the HAISaff are knowedgeable
and experienced, and their comments and described approaches reasonable, itinspsissithe
to verify the accuracy of thosmmments without access to thwdels orthe underlyingcost
information. Theonly other approach is to perforimndependent estimateshich isoutside the
scope ofthistask. Second, without concrete information, @halysis is limited to examining the
validity of the stated approaches; no analysisostaccuracy is possible. Tlpecificconstraints
encountered within each modeling area are documented in the following subsections.

6.2.1 COTS HW and SW Estimation

Within this modelingarea theprimary constraint was thenon-availability of models and
supporting detailedostinformation. In general, theodel developer mademself available and

took thetime to reviewwrite-ups and answer questions. As a resuljrly clear and detailed
picture of themodeling done in thiarea was obtained. However, as stated above, none of that
discussion could be validated without access to the models themselves.
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6.2.2 Custom SW Estimation

Constraints in the custom software estimation area were more numerous. First, it was not
possible to havehe thorough type ahterchange regarding this modeliagga that waachieved

for COTS hardware and software. In addition, teey nature of this type of estimation is a
constraint in itself. At thistage in thesystemlife cycle,there isvery little detail inthe design of

the software. As a result, producing counts of software entities is a subjective process, and
validation ofthat process is moreomplex than it would be in lateatages of thdife cycle.
Moreover, the fact that théesign is object-oriented also adds sammplexity and subjectivity

to the estimation procesdhis is a result ofhe fact that there is no widespresagberience with
estimating size orthe basis ofcounts of object-orientedesign entities, and no thoroughly
validated and calibrated procedures.

6.2.3 Operational Cost Estimation

Constraints affectinghe analysis ofoperationalcostestimation argrimarily related to the non-
automation of the approach. mmanycases, th@umbers of personnare estimated in purely

manual waybased upon experience, amot uponestablished metrics. Although thisay be
typical for this type ofcost estimation, it causes thanalysis to bamore difficult and time-
consuming.

6.3 Results

It should benoted that the results reported heresumethat the information provided in
interviews withthe ECS contractor is accurate. Attempts weagle to have HAIS validate the
interviewnotes. While this happened in some cases it wid happen irall cases. Furthewery
little hard or soft copylata wagnade available taross check thaformation gleaned from the
interview process.

6.3.1 Discussion of Results

6.3.1.1 COTS HW and SW Estimation

The COTScostestimation model anthe COTS procurement casbdel have been documented
by HAIS in separate documents. Therefore, only the points not covered there or impdiiant to
analysis will bereported below. The COTS procuremeastmodelwill be used to develop the
hardware and softwareost for PDR. Howevetthis cost will only represent the TRMM and
AM-1 releases. Costs across all releases will be computed at a later time.

6.3.1.1.1 COTS Cost Estimation ModelThis model is aostestimation tookhat provides an
estimatedcost for COTS hardwarand software, associated maintenance, and operatets
associated with the COTS hardware through the end o€dhtract. Themodel provides a
decomposition of thesystemcosts intoelementcosts and theability to estimate costs for
processing hardware and software.
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This model decomposése system based updhe design submitted gsart of theoriginal HAIS
proposal. Itgenerally followsthe decomposition represented in the F&PR, i.e. SDPS (PGS,
DADS, IMS) , CSMS (SMC/LSM, ESN), etc. However, it decomposesyhtem astep further

into "sub-elements". For DADS,this includes archive, ingest, and distribution. These sub-
elements are shown on Figure 2.1.1-1 of the HAIS proposal.

This model provideshe capability to estimateosts for processing hardware based upon the
MFLOPS estimates (such as those from the SPSO database), andigA#ndstoragearchive

based upon the dat@lume estimates (alswvailable fronthe SPSO database). Téwst ofeach
sub-element can be estimated by one of at least four ways. The method used for each sub-element
is controlled by the operator. The four methods are described below:

a) Based on data volumes / MFLOPS from the SPSO database or the AHWGP.

b) Based on thdollowing formula: technical baselindata volume / SOWdata
volume * cost from proposal for the element and sub-element in question.

C) Based on th&llowing formula: technical baseline granule volun®JW granule
volume * cost from proposal for the element and sub-element in question.

d) Added directly frontontract orChange Orde#l. (Note thaChange Order #1
cost additions were derived by costing the added configuratizns using the
COTS Procurement Cost Model).

In the case of methods b) add thetechnology which formethe basisfor the contract cost is
used as the basis of the estimate.

When costs are estimated for the primary components of the system, price performance curves are
used to determine what the price of a particiiéam will be when it is purchased years in the

future. The starting point for processmpacity and price is the average price/MFLOP of the

SGI PowerChallenge andhe DEC 7000/620. A comparison betweenaheualreduction in

price per unit of performanagilized by HAIS inthe COTS cosgstimation model versukose
estimated from representatisiata for thanajor components dhe system is shown in Exhibit 6-

1. The data points arfdrmula whichwere used in computing the estimated price / performance
change per year are presented and described in Appendix D.
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Technology Historical Estimated Price/ | Utilized Price/
Increase in Performance Performance
Capacity Change Change

CPU (Price/MFLOP) 133% / year 0.34-0.40 / year| 0.21 / year
Disk (Price / GB) 100+% / year 0.35-0.44 | year 0.28 / year
Archive (Price/TB) 100+% lyear 0.32-0.34 / year 0.05 / year thry 99
0.32 / year 99 - 02

EXHIBIT 6-1: Estimated Versus Utilized Annual Reduction In Price Per Unit Performance

Computation of numbers of components required also included the use ofkeiéig¥cyfactor.
This is acontract requirement.This is obviously a majocostdriver. Moretypically, a 50%
efficiencyfactor isutilized. However, it would also be customary to add an uncerfaicttyr of
50% toany workload computations at this phasetioé systemlife cycle. This wasiot done.
Therefore, the 25% efficiency factor may be justified.

When the COTS cost estimation model computes hardware and software cost directly (rather than
as a ratio of current capacity estimates to previous capacity estimaiipied bypreviouscost
estimates), it also uses standamdiltipliers to includecost for hardwaremaintenance and
operation of the processors. The multiplier for hardware maintenance is 9.5%. Opeoatiigs
estimated by assumirane operator pegight processors fatay shifts an@dne operator per 16
processors for other shifts.

6.3.1.1.2 COTS Procurement ModelThe COTS procuremembstmodel, also known as the
Bill-of-Materials ProcurementCost Model, is ameans of estimating COT8ardware and
software costgiven a bill-of-materials.Inputs are provided tthis model inthe form ofcode
namesfor eachtem inthe bill-of-materials,the required quantity, and the releasewhbich the

items must bgrocured. Given thisset of inputs, thenodelequates the codeame to a specific

make and model of hardware software, converts the release entry tdage,applies phasing,

then applies aost as dunction of timecurve. No information regardirtge rates of decrease of

price per unit performance usedthin this modelwas obtained. Theutput of themodel is the

total COTS hardware and softwacest across thdife of the project for the inpuiill-of
materials. This model also has the capability to compute maintenance costs as a function of time.

The entire modelncludingthe costversus timecurve(s), is provided by EDS (anothdughes
subsidiary). Thdeginningcost in the costersus time curveare obtained through kadding
process followed by a negotiation process. ifgication isthat they arevery competitive,
however, this coulehot beverified. Costs in the COTS Procurement cosddelare updated
whenever repricing activities (such as Cha@gder #1 updates) occur. Atch times, EDS
revalidates the vendor quotes and their pricing curves. This has occurred at least theagcémes
the start of the contract (August, 1993, April, 1994, and for PDR).
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Review of a sampleutput ofthis model (sansosts), corresponding to the negotiabeseline
plus ChangeOrder #1,determined that in general, tlist is fairly detailed,including cables,
media,etc. Software, however, is representethasidles”, hence, therelitle insight intowhat

is contained there. According to HAIRJmbers of userare reflected in the softwacests. In
general, theexample modebutputseemsut of date. Given that thigepresents theriginal bill

of materials included in the proposal, that may be understandable. Some examples of this are:

. There areseveral cases where large numi§éBsor more) of 780 MB, 5.256rm
factor disks are being employed. lwould seenthat costs would be reduced if
fewer 3.5" form factor disks of higher capacity were used. Therendbssem to
be a consistent pattern aing these where databdsactionality is predominant,
which would be understandabl@o increase thenumber of spindles, thereby
increasing database performance).

. At least four different archive technologiase includedfor each siteincluding
3480 drives and 3480 cartridgisr archive). 3480 is aaut-of-datetechnology
with very highcost per TB. Further, ivould seem preferable to usesiagle
technology at each site, and perhaps system-wide.

6.3.1.1.3 Model Implementation i the case of the COT&ostestimation model, thenodel
has been implemented as several Examleadsheets. The COTS procurement model is
implemented as a series of dBASE files (database files and program files).

Runningthe COTS cosgstimation model is mmanually intensivgrocess. It isncumbent on the
operator to account faall functions, sites, changestc., and insure¢hat all relevantcosts are
included. Moreover, the spreadsheets usedhiplementthe modelare notlinked. Theoperator
must manually cut-and-paste outputs on one sheet into another.

6.3.1.2 Custom SW Estimation

6.3.1.2.1 Methods used by HAKF he method used by HAIS to estimate software amemtsbe
subdivided intothree steps: 1) estimate software size, 2) estimate effort and schedule, and 3)
estimate cost.

Software size was estimated by performing the following:

a) Count objects/classes, as contained in the System Design Specification.
b) Characterize each object/class as simple, average, or complex.
C) Estimate the numbers of operations per object/class.
d) Multiply the number of operations in each object/clas$ixsd numbers oS5LOC
based on the complexity characterization:
simple 100 SLOC / operation
average 150 SLOC / operation
complex 200 SLOC / operation
e) Sum the number of SLOC across all objects/classes.
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f) Add a ten percent margin of safety.
Effort/schedule was estimated by performing the following:

a) Applying REVIC (a Hughes proprietary toghich is similar totCOCOMO) to the
SLOC estimate derived as described above to obtain effort/schedule.

b) When the schedule predied by REVIC wadonger than thetime available,
subsystemswvere split into two parts andassigned to separate teams. Some
efficiency adjustments were made in these cases to account for integration issues.

C) The requirements of each release wexamined to determine allocation of
functionality to each release. In general, functionality added as late as

possible.

d) In some cases, fandamentally differentype of capabilitywas needed from one
release to the next, resulting in rework. Rework was accounted for.

e) Different levels ofroductivity were assumed fdifferent types oftode. Also,

productivity was assumed to be lower than average ieathg releases and higher
than average in the later releases to account for the learning curve with C++.

Cost wasestimated based on man-month estimates for®dmystem and a paramateticating
the percentage of senior staff. These estimates werenthiiplied by fixedrates and then
summed to achieve the total software cost.

This model wasmplemented using Excel aREVIC. Thesize estimation described above was
implemented as Excel spreadsheets. Effort/schedule are estimatelEIQ) Costestimation
giventhe effort andschedule determined by REVIC is performesing Excel. The transfer of
data between the two tools is done manually.

6.3.1.2.2 Methods Used ElsewhereThe results of efforts t@mpirically determine the
multipliers to beused when estimating code size based on an object-oriented altesygovided

in Exhibit 6-2. The sources listed in this taldee described in furtheletail in Appendix D. It

should be noted that the NIH class library represents a set of code that has been carefully designed
for reuse anavhich is fairlymature in that area. In contrast, the FAST BR& SAMPEX CMS
librarieswere developed for operatiomalssions with less emphasis @use and moremphasis

on getting thgob done. Hence, the NIBlass Librarjtends to have more methods pkss and
manymore SLOC per method. The GSFC developed code islikelseto berepresentative of

the code thawill be produced for EOSDIS. Ishould also beioted that these repositories
represent software towards the end of a prdifectycle. Therefore, the ratios obtained must be
scaled to correspond to the relationship between SLOC and methods at earlier phases in a project.
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Source SLOC/ SLOC/ SLOC/
Method Method Method
simple average complex

NIH Class Library, .c 25 43 82

FAST PPS 7 n/a n/a

SAMPEX CMS 10 n/a n/a

EXHIBIT 6-2: SLOC Per Method In Existing C++ Software Libraries

Questions were posted on the Intemmetvs system to solicit information software estimation
techniques used faystems being developedhder object-oriented approach. There were two
primaryresponses. The first was from Gi&gnneson and John Connell of Sterlingt&afe in
support of the Softwar&ngineeringProcess Group afIASA Ames. They have published a
paper on the topic of software estimation in conjunction with object-oriented design. Their paper
[31], validatesthe notion that aelationship between object-oriented designs and software effort
can be derived. In particular, thpsoduce a metricalledobject-oriented unite/hich aresimilar

to function points. Therefore, their approacimas directly comparable tthe HAIS approach.
The otheruseful piece of information provided in thigper is that thesize/effort estimates
produced inearly stages of a project tend to b# by afactor of four. The second response
merely indicatedhat Intel has also utilized aounts andnultipliers approach to estimation of
object-oriented software.

Reifer Consultants, Inc., who are experts in the area of software estinsédii@nunequivocally
[30] that a size estimate can be considered complete when and only when:

» Two estimates have been done using different technigues,

* The two estimates have been compared and any major differences explained,
* The final estimate has been verified, and

* The baseline estimate is established and documented.

In other words, software estimation is a very imprecise science. Woikeofdollars are at stake
it is very important to do the software estimation very carefully and consider multiple approaches.

6.3.1.3 Operational Cost Estimation

Operationakostestimation is performepgrimarily to support thebid process. Examples include
the original proposal, Change Ordéfl, and Change Ordeéf2. When a tradanalysis is
performed, a partial estimate of operatioasts is computed aracluded inthe costestimate by
the COTS cost estimation model.

Operational cost estimation includes costs in the following categories:

* Operations staff
* Maintenance staff
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Integrated Logistics Support
Sustaining engineering
Management

Training

Staffing is estimated for each operational entity. The general procestnedting staffindgevels
is: 1) identify staffingrequirements for eachystem function; 2) determirtbe size of each
operational entity (fronmodelingresults) and associated workload; 3) determine sized#; 4)
estimate staff; and 5) allocate staff. Althoubbkre are areas wvhich the number of staff is
estimated according to a mathematical formula, the proceesdsantitative in general. Rather,
staffing levels, allocation of staff to locations, and allocation of responsibilities targtafécided
more on the basis of experience and judgment.

Where quantitative measures are used, they are basedTacihimgcal Baseline definddr PDR.
Those areas for which quantitative measures are being used include:

A-6-10

Number of lines of code maintainable by one person:
18,000 - first year after release
36,000 - second year after release
48,000 - third year after release

Time to handle a single media, including mounting, dismounéty; 6 minutes.
Rereading media to insutiee datehas been written correctly m®t envisioned at this
time. The steps included in this procassloading and unloading of media, pickup of
shipping documentation, placing labels on media, Q/#e$hipping materials (insure
that all the pieces and theorrectpieces ardogether),and packing of media and
shipping documentation. Thesix minuteshas been reduced twe based on
automation . Packing ohedia andabelingfor shipping may be done lige shipping
department of théocal facility if it is cheaper to dso. However, the costs ftirese
activities are currently being included.

Cost for hardwaremaintenance: 8-10% of the hardware cost.The hardware
configuration is the basis for maintenance costs. The configuration comes from system
integration andplanning (HAIS). Regarding matenance, soméevel of on-site
maintenance has beegguested by GSFC, over and above vendaint@nance. The

level of this support is TBD at this time.

Effort will be expended to develop a quantitative measure for DBA activities based on
information from the AHWGP.

Number ofoperators islriven bythe number ofprocessors. Currettinking (subject
to change) isthat one person per 8 processors will fdficient for daytime
operations. One person per up to 40 processdreig consideredor nighttime
operations.
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Regarding the effect of thievel of automation onstaffing estimatesthe generaguideline
followed was that staffing staysconstantwhile workload (productivity) increases due to
automation. Two examplesvere discussed, dathstribution anddata productior{planning and
scheduling):

Data Distribution. The TRMM Release is assumed to be very aaomation. Irthis
case, anultiplier of 10 minutegper piece of media is utilized. Ithe AM-1 Release, the
use of bar-codéabelsand bar-code readers, wasll as medisautochangers is assumed.
As a result the multiplier per piece of media reduces to 5 minutes.

Data Production. The TRMM Release is assumed to be batch oriented (production is
primarily operator controlled). In the AM-Release, the currerthinking is that
production becomes software controlled, therefaltewing the same staff to handle
increased data volumes.

The general trend is to centralig@ff functions irthe larger operational entitiegile leaving at
least one person at tlsenaller sites tgrovide each staff function. Imanycases one person
wears several hats at the smaller sites.

Currently, the assumption that ECS will haveits own dedicated staff. At some time, the
possibility of using existing staff dhe various locations to perform some of the duties will be
investigated. However, the assumption of dedicstaf will carry through PDR. In addition,
the staff being estimated contaia$ staff required to dahe job regardless of whether they are
government ocontractorstaff. According to HAIS, for costing purposes, $100k pan year,
regardless of position, should be assumed.

Most of thestaff sizing is donenanually. The staffing levels/allocationarebeing maintained in a
spreadsheet. Whether the quantitative measures mentioned above are embedded in the
spreadsheet is TBD. Whether the computation of ré@sailting cost isimplemented in the
spreadsheet is also TBD. Costing may be done by a separate group based on staffing levels.

No responses were received from the Internet restem in reply to queries regarding the
existence of commercial tools for operations cost estimation.

6.3.2 Identified Problems

In general, few aspects tiie modelingactivities were definitively determined to be serious
problems. The lack of sufficient information provided prevents us from reaching firm conclusions.
In addition, some of thestablished problengose a somewhatinor impact. A large number of
potential problems were discovered. These are discussed in Section 6.3.3, below.

6.3.2.1 COTS HW and SW Estimation

In the COTS hardware and software estimation area, phobéems werédentified regarding the
COTS CostEstimation Model. First, theodel is overly manual, leading tageeaterchance of
errors. Second, the practice miltiplying old costs tayet future costieads to overlyhigh
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estimates because tlests computed ithis wayare based on dated price/performathata.
This isnot envisioned to be a serious problem as long dkelnodel is used fotradeanalysis
and not for life-cycle cost estimation, and 2) this method accounts foniaority of the costs
being estimated. It is not clear that both conditions havedagisfiedfor estimates produced for
PDR. The third problem identified regarding the COTS Cost Estimation Model is that, in general,
most of the parameters used aexy conservative. One exampleti®e compression ratio
assumption for archive otf.5. Two independent studies have foutldat the minimum
compression ratio amved using lossless compression of satdlléta is about 1.7. However,
compression ratios dsgh as Swere demonstrated with the averagall in excess of 2. Other
parameters demonstrate this conservdtimed aswell. A keyset of parametemsith respect to
cost estimation are the price/performancates of decrease. Since the values computed
independently in this analysigere notbased on a large sampledsta points, these parameters
are discussed in the potential problems section below.

6.3.2.2 Custom SW Estimation

Reifer Consultants, Inc. strongly recommend perfornivg estimates. Taur knowledge this
has not been done.

6.3.2.3 Operational Cost Estimation

With regard to operations costskay issue ishe level of automation. Often, alternativesing
tradeddiffer with respect to théevel of automation assumed. To correctly evaluaterdude in

such cases, it must be possibl@atocount for thalifferent levels obperations costs in theverall
costestimates. If sucbosts cannot be estimated in some semi-automatgdhat aspect of the
trade isgenerallyjust ignored. Hence, some degree of automation in computation of operations
costs ishighly desirable. This ithe primary deficiency irthe estimation of operations costs; it is
highly manual,and, as a result, snly conducted once in each development phase. A separate
methodwhich estimatesipproximate operations costs in a semi-automiasgdon is needed to
facilitate trade analysis. The partial operationsost estimation included inthe COTS cost
estimation modetloes notsatisfy this criteria since it isot related tolevel of automation; it is
strictly driven by the number of processors being estimated by the model.

6.3.3 Potential Issues

6.3.3.1 COTS HW and SW Estimation

Within the COTS estimation model, thelized cost/performance decregser year seems too
low. Archive is particularifow, where the estimatedlue is31% peryear compared to the 5%
being used. The few data points measdeduhitely producedhigher values, whictvould reduce
the costestimate overall. Further, experimentation with thkiessuggest that one must use
historically inaccurate numbers ¢g@t a percenthange peyear comparable tthose usedvith
this model. However, it is necessary to examine a larger database to be sure.
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As previously discussedhe genericlasses withinthe COTS Procurement Cddbdel may
equate to old technology. Osampleoutput of thatmodel contained entries f@80 MB disks
and 3480 archive technology. Both of these technologies are cost drivers.

The values of price/performance decrease usethan COTS Procurement Cddbdel are
unknown at this time. However,gaeemdikely that the percentages used in the C@$tEnation
modelwere derived fronEDS data. Therefore, the percentages used in the COTS Procurement
CostModel are assumed to kemnilar. Ofcourse, it is also unknowmhich set of curves were
utilized withinthe COTS Procurement Cost Model. If howesgenilar valueswere used, the
COTS hardware and software cost may be overestimated.

6.3.3.2 Custom SW Estimation

There ardwo primary issues regardirgustom software estimation. First, is the technicpliel

or not? Theanalysis i;not complete athis time, however, themaynot be asufficientdatabase

or sufficient understanding of the parametersdhaé softwaresize when using OODSoftware
development in C++ doesot have dong history to draw upon.Realistically,use of object-
oriented languages @nly now becoming commonplace. Accordingly, relatively little has been
published onthe topic. Further, some of thealysesthat have been done have derived
relationships between function poirfts analogies) and SLOC. Veltittle has been done to
directly relate object-oriented design entities to SLOC.

The second issue regarding custom software estimation is whethaultipkersused are correct
or not. Theanalysis sdar is mixed. Whegompared with SAMPEX and FAST, thaultipliers
seem low, even whethe SAMPEX and FAST parameters are increased by a factor of four to
account for thdevel of maturity of any design abDR. Howeverwhen compared with the
parameters estimated for the NIHCL, thgures are approximatelycorrect. Given that the
NIHCL is an unusuaset of softwarehighly optimized for reuse, it ignlikely that it provides an
appropriate standard of comparison. When approached from another point of vibwe, tdsal
estimate is credible or not2tie answer iagain mixed. Whenompared with analogous systems
of the past, the total SLOC estimatdaievable, angerhaps even somewhat low. However, in
this era there is auch higher availability of COT®ols which either directly supplant code in
previous systems or makiee development adhat codemuchmore efficient. The area of user
interface development is a prime example. Today’s developioelst provide themeans to
specify the interfacegraphically andthen generate the code thatplementsthe interface
automatically. Clearly, this is an atéat requires further study. PDERtimates should represent
a major improvement in quality and provide an excellent basis for more detailed analysis.

6.3.3.3 Operational Cost Estimation

It is not clear that operations staffing has fully accounted forvalielock time to perfornmedia
production. A standard multiplier of five minutes handling time for each pienedégenerated
is beingused. Whether this can be nmait only depends on th&vel of automation but the
number mediggeneration unitveing employed, since up to 30 minuteghis typical time to
generate a CD-ROM, and one of the steps the operatiafisnust complete Within the Data
Distribution Facility at GSFC,which has been performing this functitor several years, it has
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been foundhat the operatanvolvement with a single piece of mediaypically 15-20 minutes.
This includes loadinghe mediafor recording, unloading and reloadithgg media inanother
device for verification, associatinge media with its shippinglocumentation and labels, and
packing themediafor shipping. Even ithe verificationstep is skipped, thiéme is still in excess
of 10 minutes. Another aspect of thssue isthat in order to keemquipmentcosts to a
minimum, it may benecessary to staff medmoductionactivities onthe second and thighifts,
increasing the average rate.

During theinterview process, it was stated that the standardiphialtfor the cost of anan-year
was $100K. It is unknown whethéhat value was or isbeing used in the estimation of
operational costsUsing representative staffing levels, it is possible to obtain an avaragper
man yearmcrossall labor categories of between $80K and $95K, depending oseléwy levels

and indirectrate assumptions. Howevesince thiswork is predominated by lowesalary levels

and on-site labor, the costhould tendoward the lower end. Furthanalysis isrequired to
determine whether use of the $10fiure represents a problem or not. The labor categories,
number of staff in eachategory,hourly rate assumption for each category, and indirete
assumptions used in computing the avemgrialcost perman-yearare presented iAppendix

D. In anycase, to perform this type obstestimation, thenly truly accurate method is to use
separate rates for each labor category and separate indirect rates for on-site and off-site personnel.

6.4 Conclusions
The overall conclusions from the analysis performed are:

« There is no life-cycle cost model;

« The trade space is too restricted and insufficient in scope;
« The software size estimation process is unproven; and

« The parameters being used are too conservative.

One result of theability to easilycomputelife-cycle cost is that tradstudies take #ng time to
complete leaving little, if any, chanctor examination ofalternate tradesRarelydoes ondind
the optimumtradeamong the firsset ofalternatives considered. Instead, it is necessavieto
the results, come to some conclusia®ut what aspects warrant furthawestigation, and
analyzethe resulting (new) alternatives. The most comproblem in system desigmwhich
results in excessiveosts or brokerschedules ishat notenough alternatives were considered.
Problemsare encountered and/envisionedput alternative solutions to thogmblemsare not
found because they are never considered. Lackbibfy to analyzealternatives quickly is a
leading cause of this type of behavior.

Another result of thenability to easilycomputelife-cycle cost is that trad@analysisare often
performed on théasis of asubset of theost datasuch as COTS hardware and softwaréis
can be verynisleadingand result in design decisiotigtactually increaseost rathethan reduce
it. These behaviorsay, infact, be occurring on thigroject. Within the "PDRModeling Plan",
there is namention of computingjfe-cycle costwithin the Cost section. Thaodeling schedule
does not show any indication that a progressive refinement of trades will occur.
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Finally, asnoted in previous sections tfis report, theparameterdeing used in the various
modelsare probablytoo conservative. Within COTS hardware and software estimation, the
prime example is the percentage decrease in cost per unit of performance per year. Within custom
software estimation it is the SLOG@ultipliers per operation, andithin operations cost
estimation it is theost perman-year. Some degree of conservatism is warranted eatlye

stages of the life-cycle. However, overly conservative estimates can also lead to problems such as
unnecessary descoping of systems and selection of less than desirable operations concepts.

6.4.1 Technical Integrity

Technical integritywas evaluated in three aretraceability to requirements; engineering quality;
and testability. Overall, traceability to requirements is mixdthe only requirementswhich
explicitly pertain tocost modelingare found in the Statement of Work for thevelopment
contractor. These requirements pertain liee cycle cost estimation, includingthe various
elements of cost examined in this study. In general, thereogemall model whiclcomputedife
cycle cost. Rather, outputs from series of models must be manually accumulated. The
satisfaction of each requirement in the statement of work is presented in Exhibit D-3.

Engineering quality is good overalllhe aalytic ability applied isound and mature. There is a
range ofdifficulty with regard totestability, however, as testability generally difficult. Our
technical integrity evaluation for each modeling area is presented below.

6.4.1.1 COTS HW and SW Estimation

This modelingarea would be moderately testable if thedelswere provided. Thenodels are
implemented as a series ggreadsheetsnakingthe inspection of theodelstructurerelatively
easy. Theorimary difficulty intesting these modelstisat the spreadsheets a@ tied together
in an automated wayjeaving aset of questionsnanswerable without furthdiscussion with the
modeldeveloper/operator. Without tmeodels in hand, assessitiig testability is very difficult,
therefore requiring development of independent estimates to validate the model outputs.

With respect teengineering qualitythe approachinderlyingthe COTS CosEstimation Model

and the COTS Procureme@bstModel is reasonable and sound. In general, gompheering
judgment has been appliedBoth models depend othe validity of the input data; i.e., the
workload data for COTS CodEstimation Model, and th&ill of materialsfor the COTS
Procurement Cost Model. Thi#ficulties have to do withihe degree of automation and scope.
Degree of automation has been discussed thoroughly above. However, it should be noted that the
scope of the COTS CoBEstimation Model is also lacking. Since this model is designedafbe
analysis, it should havihe ability to estimate a wider range of operations costs and custom
software costs at high level topermit them to be considered in ttiade. Based upon these
factors, we do nofeel thatthis model can be considered tofoky mature. Therefore, wieave
assigned a maturity rating of 2, Somewhat Limited Maturity, to this modeling area.
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6.4.1.2 Custom SW Estimation

The custom software estimation approach is moderately teghadethe models. The approach
uses automatiowhich allows individuaparameters to be selected and examined. pfihery
difficulty lies in assessinghe counts of operations per object claBerformingthat analysis
requires a non-trivial degree t#miliarity with the software design. Without the models, the
testability becomepoor, requiring acount of operations foevery class, awell as acomplete
schedule analysis to arrive at an independent estimate for comparison with the model output.

Regarding engineering qualithe technique foestimating code size is reasonabliéowever, it

is unproven ancehot known to be calibrated. In comparisondibver methodsuch as function
points or object-oriented units (as described in Seétidri.2.2 above), the methedems to be
underparameterized. That isday, it onlycounts one type of entity (i.e., operations), and uses
that count as thkasis ofthe estimate. Objectasses and external entities, which probably would
have different multipliersare notexplicitly represented. With respect to estimation of effort and
schedule given a SLOC count, a typical COCOMO-like approach was used.thSipeeameters
used there wereot made availablejor was thestaffingmix or cost per hour, thquality of the
final cost estimate cannot be judged at this time.

Regarding maturity, this modeliragea ismixed. We have concludedat because we have not
seenany evidencehat the method forestimating code size has been wallidied and is
thoroughly calibratedthat it of limited maturity at this time. When additional information is
available to us in this area, our assessment will change to reflect the additional insight gained. The
method for estimating effort and scheduletlon othethand, isfully mature. Howeversince the
estimation of effort and schedule dependtmsize estimate, we have concludbdt theentire
modeling area must be regarded to be of limited maturity.

6.4.1.3 Operational Cost Estimation

The testability of thisnodelingarea idimited. There ardwo mainreasons for this. First, there
are no established models that can be acquired and carefully studied to evaluate thébeneghods
used. Hence, thgrimary approach must be to validate this ralaty area throughndependent
analysisand comparison of result§his leads tdhe second reason flimited testability; ahigh
degree of knowledge @hasing ofautomation is required to perform an independeatysis of
operations costs.

The overall conclusion regarditige engineering quality afhe operationatostestimation area is
that the approach reasonable. Theostestimation process is thoroudi; of the elements and
major staff functions have been included. Thikres not appear to lamy overlap betweethis
model andthe othemodel areas. There appears to be a conscious effort tostedfypg at
minimumlevels. The major uncertainty at this timehiew costwas estimated fastaffing. There

is also a concern about tleek of automation of thimmodelingarea,leading to overly subjective
cost estimates and arability to support tradenalysis. Based upon these factors, werdii feel

that this model can be considered to foly mature. Therefore, we have assigned a maturity
rating of 2, Somewhat Limited Maturity, to this modeling area.
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6.4.2 User Satisfaction

6.4.2.1 COTS HW and SW Estimation

The potential users of these modaie theengineering staff anthe instrument tean{so support
their trade-offanalysis). The COTScost estimation model satisfiethe basic needs of the
engineering staffput limits the scope of theiwork due tolack of automation. Thenodel
implementation does provide maximum flexibility. Flexibility is important, because ahalyses
required and because the ground rules are in a cogtasmtofflux. However, this approach is
dependent on the knowledgmalytical skills,and thoroughness of tloperator. This has two
effects. First, it makethe model essentially unusable bthers. Second, ihakesthe execution
of the model very time consuming.Further, themodel currently contains embeddeate
information, making its release twitside entities problematic. The COd@&testimation model
need notontain this type of information mrder to support tradanalyses. The accuracy of the
estimates produced by the COTS procuremesst model, which is itsmost important
requirement, could not be evaluated in this study due to a lack of information.

6.4.2.2 Custom SW Estimation

The method or modéddeingused for custom software estimaticertainly satisfieshe needs of
the engineeringeam. However, thimodel is inaccessible @l groups outside thengineering
team due to the degree of detailed knowledge requiresimplermethod is needed to support
trade analysis and lifecycle cost estimation.

6.4.2.3 Operational Cost Estimation

As with the COTS hardware and software estimation techniques, the mb#ioglsised for
operationalcost estimation meet thbasic need othe engineering staffput limit the types of
analyseshan can be performed. This modehsccessible to everyone etdge to the degree of
detailed knowledge required.

6.4.3 Trends and Projections

There is no indication at thisne thatthe degree of automation of thedels oithe scope of the
models is changing. The specifics of each modeling area are discussed below.

6.4.3.1 COTS HW and SW Estimation

A positive trend in the area of COTS hardware and software estimatiaat iheestimation is
becomingmore strongly tied to performan@malysisand actual designs. The result will be
improved accuracy of the estimates. There is no indication at this time that the parameters used in
the cost estimation process are changing or becoming less conservative.

6.4.3.2 Custom SW Estimation

As with COTS hardware and software, custom software estirgatesallyget better as the
design matures. Whereas for SDR it was necessary to estimate nunaperatdns, for PDR it
will be possible to simplycount them based on the objetass specifications. Once again,
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whether the estimates will be valid or not will also depend on the multipliers selected. The current
plan is touse thesame multiplierdor PDR as were used for SDRhis may overestimate the
costs since the specificity of the design has improved.

6.4.3.3 Operational Cost Estimation

As with the other modeling areas, as theystem design improvethe understanding of the
operational roles also improves causihg estimate of operational costsirtprove. Serious

attention has beegiven to definingthose roles and thghasing ofautomation during the pre-
PDR time frame. The process, however, continues to be very subjective and manual.

6.5 Recommendations

6.5.1 Areas Requiring Further Analysis

6.5.1.1 COTS HW and SW Estimation

As noted above, the methobising used to estimate COTS hardware and software costs are
reasonable, in general. The real iséi@e in the parameters usedthin those methods.
Examination ofpercent decrease in price/performance has already raised a qaéstitrnthe
parameterdeingused there. Other parameters, such as the make, model, and asssised
which make up the starting point for cost for each item, should also be exaifinezd.are three
ways toaccomplish this. The first is to directly comptre cosparameterbeingused by HAIS

to costs in other databases or those currently available in the marketplace. This requires obtaining
detailedcost datdrom HAIS, which up to thigpoint has beerery difficult. The second method

is to obtain theill of materials from HAIS and evaluatige entries tansurecurrentmakes and
modelsare beingused, and then make an independent estimateeofost folromparison with

the HAIS estimate.Making such an estimate would depend on accessdbdata from other
sources. One such source is 8mall EngineeringVorkstation Procurement (SEW#2hicle at
GSFC. This vehiclecontains equipment from a wide range of vendmduding DEC, SUN,

SGI, HP,and others), a wide range of types (compufsdpherals,network equipment,
terminals,etc.) and a wide range of performance specifications. An on-line databasmlef
numbers and costs is available. Other contgluitles exist aGSFC covering archive amdedia
generation equipment. The IV&V team also has working relationshipsheithajor vendors in

this area,including R-Squared, E-Systems, Exabyte, Sony, Rhilips, and isfamiliar with the
hardware and softwareosts. Even if thebill of materials or its associatembst cannot be
obtained, a third method is possible. In this case a completely independent estimate would be
made based on an independathbf materials. Such kill of materials would be generatasing
performance models developed/obtained for the perfornaanatgsisportion ofthiswork. Costs
would then be estimated using the independent means described above.

6.5.1.2 Custom SW Estimation

During the course of this study, HAIS did not make the models used to estimate software size and
cost available for verification and validation. Hence, thatrst@ains to beompleted. As noted
above, therenay bestrong resistance tmakingthosemodels available However, withousome
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type of additionahnalysis it is impossible tdetermine the degree of accuracyhosemodeling

results. One method would be to simply obtainrtiwelels and scrutinizéhe parameters used

within them. However, based on thgenerally held opiniothat twoindependent estimates are

really needed to arrive at a sound estimate, it would be more desirable to make a second estimate
without consideringhe HAISmodels and their parametershis could be done usirape of the
alternate methods, such as function points or object-oriented units, to estimate size. Tools may
exist to automatehis process. If sosuch tools would be evaluated and considered for
acquisition. Othetools such afeifer'sSoftcost-R(which is available tohe V&V team) could

then be used to estimate effort, schedule, and cost.

Three factors thatan have a dramatic effect cost are: reuse axistingcode; use of COTS
packages in place of custom code; and use of developosdntomakeall custom development
as efficient as possibleThe design, development strategy, aastestimation approach should
be carefully examined to insure ththese factors arbeing employed tdhe maximumextent
possible.

Finally, the possibilitythat theVersion 0 IMS wll become the TRMMReleasdMS has surfaced.
If this becomeshereality, PDR softwarsize andcostestimates must bexamined to insurthat
this fact has been reflected in those estimates.

6.5.1.3 Operational Cost Estimation

The assumption regarding the number of minutes a media specialist must be involvesingléh a
piece of media, on average, has bidentified as gotential problem. Thianalysis igredicated
upon thetypical types of designsHowever, it ispossible thabther designs couldyield less
operationsnvolvement. Hence, alternative system apdrations concepts should be developed
and analyzed to determitw theoverall processmight be mademore efficient. Rather than
relying solely on imagination tarrive at these alternatives, thealysisshould firstexamine how
mediageneration is performecbmmercially. Several new alternatives shouldiéeloped and
analyzed based updhe commercial paradigmsWhile collecting thisdata, themultipliers used
within the commercial context to estimate staffing levels should also be determined.

The numbers of staff and their allocatidosthe SDRtime framewere madevailable but were
deemed to be invalidHence, no time wataken toanalyzethat data. Th&umber of staff and
allocations for the PDRIme frame wasiot available athe time of this writing, andherefore
could not be examined. Hence, this step remains to be done.

6.5.2 Solutions to Important Problems

There aretwo overall problems which can and should d#dressed: 1) automation, and 2)
availability of cost data. Automation can be addressediimplementing higher level models for
doing main trades. Asoted before, thesaodels neeaot producéighly accurate estimates, as
long as the estimates amdatively correct. These highelevel modelscould then be connected
together to produce lde-cycle costmodel. Regardingost data, it ismperativethatthis data be
validated. There are thrgmssible solutions: 1the governmenteviews specificcost data
(comparison data could be provided by IV&bntractor), 2) the IV&V contractosigns
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necessary non-disclosure agreemémesobtains anteviewsdata,and 3) the IV&Vcontractor
makes independent estimates as described above. A discussspeciic problems and
suggested solutions within each modeling area are discussed below.

6.5.2.1 COTS HW and SW Estimation

With the exception of the automati@sue mentioned abovihe problems in this areare all
rather smple to solve. Thedifficulty is in reachingagreement that thsolutions should be
implemented. In generathe change desired is to use more aggressive parameters in the
estimation process. These optiah®gady exist imanycases. Where they amt exist, the data
needed to compute the appropriate parametielesarereadily available. Tdohe extent that old
technology entries exist as a basiscost, theseshould be updated. Regarding automation,
beyondthe higher level modeldiscussed above,geater degree of automation canaobieved

by implementingappropriate decision logic ammbntrol parameters in thexisting spreadsheets.
For example, it should be possible to implement flags indicating whigheoffourestimation
techniques is to be used for eadstelement, and the source(s) of the requita. A standard
format of the input data would also need tcabdepted. Theletails would require some time to
work out and implement, but it is nevertheless imminently doable.

6.5.2.2 Custom SW Estimation

The primary problem in thisarea was thdéack of an independent estimate. Hence, such an
estimate should be performed.

6.5.2.3 Operational Cost Estimation

The lack of automation in this area can also be addressed by adopting quantitative methods for
computing numbers of staff. Even if these numbeeonly deemed to be useful as guidelines,

this would removenuch ofthe subjectivity and seriouslseduce thdime required to arrive at an
estimate.

6.5.3 Risk Management

The acquisition metholeingused for EOSDISjives rise to certain challenges regardiogt
estimation. In general, with this typeaafntract the goal must be itwsurethat thedevelopment
contractor is nobverestimating theost. This is somewhatontrary to risk management, in
whichthe costnust be increased to reflect uncertainties in hoveystem will be built and how
long it mighttake. The solution is to do bothDevelopmentcontractorestimates should be
carefully scrubbed and examined to makee thatall estimation techniques and basa@st data
are correct.Uncertainty factors must then be added to account for risk. Potential rigechor
area of cost estimation are discussed below.

6.5.3.1 COTS HW and SW Estimation

The mainrisk in thiscostestimation area ithat some of thdundamental designoncepts may
fail, resulting in dramatic changes in the types of hardware required to implement the system. One
example ighat the distributed datand distributed controhay not befully achievable. In this
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case, one solution would be to centralize the database server, requighgnore powerful
hardware and increasedst. Anotheexample ighat theexisting communications infrastructure
may be insufficientrequiring additional dedicated hardware and/or ledised and additional
cost.

Mitigation of these risksnvolves doingmore prototyping and more modeling, @® already
beingdone. However, risk in theostestimates can also be mitigated by adaiogtbased on
perceived probability and the cost of the associated changes.

6.5.3.2 Custom SW Estimation

In the custom software estimation area, the main riskghatecertainfunctions may not be
available off the shelf, causing an increase in the size of the code. This could also impact schedule
and cost by increasing the development time for low-level complex system functions.

Just as with COTS hardware and software estimation, outside of doing the appropriate
prototyping, cost risk can be mitigateddnjdingcostbased on the perceivedobability andcost
of the changes.

6.5.3.3 Operational Cost Estimation

In this cost estimation area the main risks atet certain automatedapabilities may not
materialize on schedule or in some cases;not materialize at all, anthat multipliersfor media

handling maynot beattainable, resulting in higher than expected operatmysts. Thesesks

are mitigated by prototyping aradidingcostbased on the perceivedobability andcost of the
changes.
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Appendix A: User Model Analysis

This Appendix containthree sections. The first section contains detafmmationabout the

analysis ofuser demography and research area interests from the user scenarios. The second
section contains the listing of the satellite or instrument data requirements from the user scenarios.
The third section contains tineapping ofthe functions oservices fronthe user scenarios to the

Level 3 requirements.

A.1 User Scenario Data Analysis Tables

This section lists the numbers of users according to the epoch nuahabevere used by HAIS in
their user scenario spreadsheet: epoch 1, epoch 2, epoch 3, and epoch 4. Theteereppdbs
identified in Exhibit 2-5 in the following way:

Appendix A.1 Exhibit 2-5
Epoch 1 (early 97) Epoch A (Dec 96—Jun 97)

Epoch 2 (early 98) Epoch C (Jan 98—Jun 98)
Epoch 3 (early 99) Epoch E (Jan 99—Jun 99)
Epoch 4 (mid-99) Epoch F (Jul 99-)
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EOSDIS Core System (ECS) Modeling Assessment Report
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EXHIBIT A-3: Functions Or Services From User Scenarios Mapped To The ECS Level 3
Requirements
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EOSDIS Core System (ECS) Modeling Assessment Report

Appendix B: PRODUCTION MODEL ANALYSIS DETAIL

B.1 AHWGP Product Availability Scenarios

The Science Operations Concept by Wharton and Myers (discussed in 3eLtidescribed a
way of baseliningsupporting, configuring and delivering sciemiaa products through a process
which allowsthe scientists to prioritize tleystem and allocate a baselined capabilitgromucts
most in demand, most ready and best performiniipensystem. lsupport ofthis operations
concept, the AHWGP creatéttoductAvailability Scenarios for TRMM and AM-1 instruments.
These scenarios are showrExhibit B-1. These scenariatescribe anticipated demand &ach
productprocessing for each quarter oyear starting fronist quarter of 1997 to the 4th quarter
of 2002. It containgaformation provided byhe Instrument Teams g@mnoductmaturity, external
product needs, spatial coverage and time coverage of standard products to be generated with each
instrumentdata TheAHWGP also provided phasing of processing and volume Ifmadsach
product atvarious epochg§in quarterly time intervals from launch to y@801) to assist in the
development of the ECS Production Model. The HAIS A@Bhnical Baseline Attachment C in
EDHS Community Access Intern&erver containghat information inthe following documents
(Excel spreadsheetsyhich describethese phasing scenarios: Processimgnelines, Volume
Timelines, FileDescriptions, and Processing Descriptions fg@endix Ffor specific versions
used).

We have investigated the adequacy of the Production Model inputs in teawailability of
various instrumentata atdifferent epochs anénalyzed consistency afata in theExcel
spreadsheets with those in AHW®PRoductAvailability Scenarios and the ATBD requirements.
Sincethe datadefinition for MOPITT is at a more mature state than most atigtruments, we
have chosen to focus on MOPITT data as a representative precursor to sulzsedyssg. The
analysisfor MOPITT is presented in Section B.2 The Produdilability Scenarios table
contains sequence of letters with following meanings:

1st field: Product Maturity N = standard product not available
V = undergoing validation, users beware
A = available for general use, science team certified

2nd field: Extent of Parameter Generation within Product P = patrtial
F = full
3rd field: Spatial Coverage R = regional, such as for initial algorithm proving
| = intermediate, moderately regular coverage
G = global
4th field: Temporal Coverage S = sporadic: only a few, irregular times in a month

| = intermittent: regular, moderately frequent sampling
C = continuous: large fraction of possible samples taken
U = user determined as explained in notes below

All fields: X = designation not applicable for that field.

The time sequence interval is by quarter of a year.
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EOSDIS Core System (ECS) Modeling Assessment Report

B.2 MOPITT PRODUCTION PROCESSING

We have compared variousodeling parametersncluding processing load, input/output files
sizes, external data dependence, AHWGP praadiability scenarios for the MOPITT standard
products from different sourcesincluding the ATBD,Excel spreadsheafata in the PDR
Technical Baseline, arttie information inthe AHWGP Gopher server. We chdd®PITT for
this comparison becaustatus of modeling efforts fdhis instrument was more mature than the
other instruments Thefollowing table containsthe relevant MOPITproduct processing
information available from differerources. The comparison points to saliserepancieshat
need to be resolved before they are input into the Production Model.
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B.3 BONEeS Input File (F_Desc.txt) Content for ASTER

We obtained a printout of the inpiile F_Desc.txt from the version of BON@®delthe V&V
team received on Janua?g, 1995. Thdile contains some of the datfaat HAIS has received
from the AHWGP for input into BONeS wmulateASTER production processing. Wave
used thidata forcomparison with those in thexcel spreadsheet the PDRTechnical Baseline
and the ASTERProductProcessing Diagram (Exhikit5) supplied bythe Instrument Team. We
have chosen ASTER to do this comparison becane ASTER data wasavailable in this
version of the model

Numerical codes used:

File ID:
Unigque number designating a particular file is shown below.

AST_ANC_01 0  AST_10 1 AST_ANC 02 2 ANC_DEM 3
ANC_LAND_COVER 4 AST _L1B 5  ANC_LAND_SEA 6  AST_06B 7
AST_06C 8  AST_DS_TMP1 9  AST_ANC_06A 10 AST DS _TMP2 11
AST_ANC-03 12 AST_ 04 13 AST BT _TMP1 14 AST_ANC_MISO05 15
AST_09B 16  AST_ANC_MIS12 17  AST 09A 18 AST 07B 19
AST_ANC_04 20 AST 07A 21 AST_NMC 22 AST_ANC_05 23
AST_NMC_TOMS 24 AST_ANC_MOD30 25 AST DEM_GRD_TEMP1 26 AST DEM_PIX_TMP1 27
AST_MODTN1 28  AST_MODTN2 29  AST 09C 30 AST_ANC_MOD30B 31
AST_ANC_06 32 AST 05 08 33 AST_T/E_TMP 34 AST 11 35
AST 12 36 AST_PVI/SBLTMP 37 AST 13 38 ANC_ECOSYS_DB 39
AST_ANC_07 40 AST_ANC_MOD10 41  AST 14 42 AST_DEM_GRD_TMP2 43
AST_DEM_PIX_TMP2 44 AST_MODTN4 45  AST_MODTN4 46

Instrument ID:

0 = Other 1 =CERES (TRMM) 2 =VIRS (TRMM) 3 =PR (TRMM),

4 = TMI (TRMM) 5=GV (TRMM) 6 = LIS (TRMM) 7 =ASTER (AM-1),

8 = CERES (AM-1) 9 = MISR (AM-1) 10 = MODIS (AM-1) 11 = MOPITT (AM-1)

Archive Site:

0 = Other 1=ASF 1=EDC 3 =GSFC

4 =JPL 5=LaRC 6 = MSFC 7 =NSIDC
File Disposition:

0 = Other 1 = Archive 2 = Interim 3 = Permanent
4 = Temporary 5 = Transfer to SCF

External/Root Flag:
0 = Not Applicable 1 =Level O data 2 = External data

Ingest Media Flag:
0 = Electronic 1 = Physical media

# of Files on Media:
0 = Default n = # of files to read from media
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Source:

0 = Unknown 1=ASF 2=EDC 3=GSFC

4 = JPL 5=LaRC 6 = MSFC 7 =NSIDC

8 = TSDIS 9 = PACOR 10 = EDOS 11 = Japan GS (ASTER)

12 = Landsat-7 GS 13 =NMC

Contents of the File

File Inst. Arch. File File Temporal External/ Ingest # of Source
ID ID Site Disp. Size Coverage Root Flag Media Files

(MB) (min.) Flag
0 7 2 3 0.5 500000 0 0 0 2
1 7 2 1 18 7.91208791 O 0 0 2
2 7 2 3 1 500000 0 0 0 2
3 0 2 3 200 500000 0 0 0 2
4 0 2 3 250 500000 0 0 0 2
5 I 2 1 44226 1440 1 1 182 11
6 0 2 3 0.15 500000 0 0 0 2
7 7 2 1 13.2 7.91208791 O 0 0 2
8 7 2 1 1.1 7.91208791 O 0 0 2
9 7 2 4 16 7.91208791 O 0 0 2
10 7 2 1 52.8 7.91208791 O 0 0 2
11 I 2 4 16 7.91208791 O 0 0 2
12 0 2 3 0.3 500000 0 0 0 2
13 7 2 1 6 20.5714286 O 0 0 2
14 7 2 4 0.64 7.91208791 O 0 0 2
15 9 5 2 500 98 0 0 0 5
16 7 2 1 61.6 20.5714286 O 0 0 2
17 9 5 2 1.6 500000 0 0 0 5
18 7 2 1 176 20.5714286 O 0 0 2
19 7 2 1 62 20.5714286 O 0 0 2
20 0 2 3 10000 500000 0 0 0 2
21 7 2 1 176 20.5714286 O 0 0 2
22 0 3 2 2 180 0 0 0 3
23 0 2 3 1 500000 0 0 0 2
24 0 3 2 0.5 1440 0 0 0 3
25 0 3 2 35.8 2.46153846 O 0 0 3
26 7 2 4 0.03 7.91208791 O 0 0 2
27 7 2 4 128 7.91208791 O 0 0 2
28 7 2 4 2 7.91208791 O 0 0 2
29 7 2 4 0.2267.91208791 O 0 0 2
30 7 2 1 6 20.5714286 O 0 0 2
31 0 3 2 35.8 2.46153846 O 0 0 3
32 0 2 3 0.001 500000 0 0 0 2
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File Inst. Arch. File File Temporal External/ Ingest # of Source
ID ID Site Disp. Size Coverage Root Flag Media Files

(MB) (min.) Flag
33 7 2 1 8 20.5714286 0 0 0 2
34 7 2 4 3.6 7.91208791 O 0 0 2
35 I 2 1 18 51.4285714 O 0 0 2
36 7 2 1 36 51.4285714 O 0 0 2
37 7 2 4 18 7.91208791 O 0 0 2
38 7 2 1 18 240 0 0 0 2
39 0 2 3 15 500000 0 0 0 2
40 0 2 2 2 10080 0 0 0 0
41 0 7 2 7.2 10080 0 0 0 7
42 I 2 1 35 1440 0 0 0 2
43 7 2 4 0.03 7.91208791 O 0 0 2
44 7 2 4 128 7.91208791 O 0 0 2
45 7 2 4 2 7.91208791 O 0 0 2
46 7 2 4 0.226 7.91208791 O 0 0 2

EXHIBIT B-3: BONeS Input File (L_Desc.txt) Content For ASTER
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APPENDIX C: PERFORMANCE MODEL ANALYSIS DETAIL

The detailedset ofExhibits shown in Appendix Cillvprovide thebasisfor the evaluation of the
model's completeness awdrrectness, with respect to tBESdesign representation, when the
final version of thenodel and associated documentation becavaédable The Exhibitsare TBD

for this release of the TAR

This Exhibit accounts for subsystem distribution by DAAC site.

Site Client

Inter-
operability

Data Mgt

Data
Server

Ingest

Data
Processing

Planning

ASF

CIESIN

EDC

GSFC

JPL

LaRC

MSFC

NSIDC

EOSVV-0506-02/10/95
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This Exhibit will account for subsystem services as defined in the SDS.

Subsystem Service Class Model Coverage
Client Desktop
Scientist Workbench

Ul Mgt & Presentation

Operating Support

Interoperability CSMS

Advertisement

Subscription

Data Management DIM

LIM

Data Dictionary

Data Server Data Server

Data Type

Data Storage & Management

Data Distribution

Administration

Schema Generation

Ingest Ingest Client

Planning Production Management
Production Planning

Data Processing Process Management

Process Queue

Process Execution

Executable Process

Resource Management

Process Integration & Test

EXHIBIT C-2: Subsystem Services
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This Exhibitwill account for DatdManagement Subsystem activities and interfaces as defined in
the SDS.

Interface Activity/Process Model Coverage

Interoperability Notify-input

Advertise-output

Subscription-output

Data Server Results Set-input

SessionMgtResp-input

Schema-input

Data Dictionary-input

SessionMgtReq-output

Search Req-output

Access Reg-output

VO Product Req-input

Inventory-input

Browse-input

Guide-input

Status-input

Client Search Req-input

Access Reqg-input

SessionMgtReq-input

Subscriptions-input

Results Set-output

SessionMgtResp-output

Notification-output

EXHIBIT C-3: Data Management Subsystem Activities/Processes
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This Exhibitwill account for Data Processiggibsystem activities and interfaces as defined in the
SDS.

Interface Activity/Process Model Coverage

Data Server Processing Info-output

Processing Status-output

Processing Results-output

Access Reg-output

Results Ref-output

Completion Notify-output

Processing Info Reqg-input

Processing Control Req-input

Processing DatC-input

Planning Processing Reg-input

Processing Info Reqg-input

Processing Control Req-input

Processing Info-output

Completion Notify-output

Results Ref-output

MSS/LSM Resource Info-input
Maintenance Schedule-input
MSS/SMC Processing Info Reg-input

Processing Status Req-input

Processing Status-output

Processing Info-output

Interoperability Service Advertise-output

Subscriptions-output

Notification-input

Client Processing Info Reqg-input

Processing Control Req-input

Processing Info-output

Processing Status-output

EXHIBIT C-4: Data Processing Subsystem Activities/Processes
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This Exhibit will account for Planning Subsystem activities and interfaces as defined in the SDS.

Interface Activity/Process Model Coverage

Data Server Data Available Notify-input

—+

Data Available Schedule-inpy

Processing Reg-input

Subscription-input

Search Req-output

Subscription-output

Completion Notify-output

Results Reference-output

Production Schedule-output

Data Processing Processing Reg-output

Processing Info Req-output

Processing Control Reg-
output

Processing Status-input

Results Reference-input

Completion Notify-input

MSS/LSM Resource Info-input

Maintenance Schedule-input

Plans-output

MSS/SMC Planning Info-output
Plans-output
Plans-input
Interoperability Service Advertise-output

Subscriptions-output

Notification-input

Client Plan Info-output

Plan Status-output

Change Notify-output

Plan Control Reg-input

Plan Info Reg-input

Subscription-input

EXHIBIT C-5: Planning Subsystem Activities/Processes
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This Exhibitwill account for Data Serve8ubsystem activities and interfaces as defined in the
SDS.

Interface Activity/Process Model Coverage

MSS/SMC Status Reqg-input

Log Reg-input

Status Log-output

Other DAACs Data Group 2-output
Algorithms-output
ADCs/ODCs Data Group 1-output

Algorithms-output

Product Reg-input

Ingest Ingested DatC-input

VO Inventory-output

Browse DatC-output

Guide-output

Product Reg-output

Dependent Valids-output

Planning Processing Req-output

Subscriptions-output

Data Available Schedules:
output

Subscriptions-output

Search Results-output

Results Reference-output

Completion Notify-output

Production Schedule-input

Notifications-input

Search Req-input

IPs Data Group 2-output

DARs-output

DAR Status-input

Data Processing Processing DatC-output

Processing Status-input

Processing Results-input

Access Reqg-input

Results Reference-input

Completion Notify-input

Interoperability Service Advertise-output

Subscriptions-output

Notification-input

FOS Historic DatC-input
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Interface

Activity/Process

Model Coverage

DAR Status Updates-input

QL Images-output

Historic DatC-output

DAR-output

SCF

QA Reg-input

Data Group 4-output

Data Management

Search Results-input

Access Reqg-input

Session Mgt Reg-input

Search Results-output

SchemC-output

Data Dictionary-output

Session Mgt Resp-output

Client

Search Results-input

Access Reqg-input

Admin Reqg-input

Search Results-output

Data Types-output

TRMM (TSDIS)

Data Group 1-output

Algorithms-output

Product Reg-input

Users

Data Group 1-output

DAR Status-output

Status-output

EXHIBIT C-6: Data Server Subsystem Activities/Processes

EOSVV-0506-02/10/95
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This Exhibitwill account for Interoperabilitgubsystem activities and interfaces as defined in the

SDS.
Interface Activity/Process Model Coverage
Ingest Notification-output
Advertisement-input
Subscription-input
Planning Notification-output

Advertisement-input

Subscription-input

Data Processing

Notification-output

Advertisement-input

Subscription-input

Data Server

Notification-output

Advertisement-input

Subscription-input

Data Management

Notification-output

Advertisement-input

Subscription-input

Client

Notification-output

Search Result-output

Access Result-output

Advertisement Info-output

Subscription-input

Access Request-input

Search Request-input

EXHIBIT C-7:

Inoperability Subsystem Activities/Processes
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Interface Activity/Process Model Coverage
Land Sat-7 Data Group 1-input
ADCs/ODCs Data Group 1-input
Algorithms-input
Product Requests-input
SDPF LO DatC-input
Orbit/Attitude DatC-input
EDOS LO DatC-input
Orbit/Attitude DatC-input
Quick Look DatC-input
Data Avaibility Schedule-input
Backup Data Request-input
Users User Methods-input
VO Migration DatC-input
MSS/SMC Ingest Status Requests-input
Ingest Log Requests-input
Ingest Status-output
Ingest Log-output
Client Ingest Status Requests-input

Ingest Log Requests-input

Ingest Control Requests-input

Ingest Status-output

Ingest Log-output

Data Server

Ingested DatC-output

Interoperability

Notification- input

Advertisement- output

Subscription- output

Other DAACs

Data Group 1-input

Algorithms-input

FDF

Refined/Repeated O/A Reg-
output

Orbit/Attitude DatC-input

Predicted Orbit DatC-input

IPs

Data Group 2-input

Algorithms-input

SCFs

Data Group 1-input

Algorithms-input

TRMM (TSDIS)

Data Group 1-input

Algorithms-input

EOSVV-0506-02/10/95
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This Exhibit will account for Client Subsystem activities and interfaces as defined in the SDS.

Interface Activity/Process Model Coverage
SMC User Registration  Status-

output

Status Request-input
Data Servers DAR-output

Search Requests-output

Access Requests-output

—

Session Mgt Requests-outpu

Subscriptions-output

Results Set-input

Session Mgt Reponses-outplt

Notification-output

Data Management Search Requests-output

Access Requests-output

—

Session Mgt Requests-outpu

Subscriptions-output

Results Set-input

Session Mgt Reponses-outpiit

Notification-output

—

Ingest Ingest Status Request-outpuy

Ingest Log Request-output

Ingest Control Request-output

Ingest Status-input

Ingest Log-input

Processing Processing Info Request-
output
Processing Control Request-
output

Processing Info-input

Processing Status-input

Users User Registration-input

Search Requests-input

Access Requests-input

DARS-input

Results Set-output

DAR Status-output

Planning Plan Info-input

Plan Status-input

Change Notification-input

—

Plan Control Requests-outpul

Plan Info Requests-output
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Interface

Activity/Process Model Coverage

Subscriptions- input

Interoperability

Notification- input

Search Result- input

Access Result- input

Advertisement Info- input

Subscription- output

Access Request- output

Search Request- output

Local DAAC Mgt & Ops Status-output
Mgt & Ops Cmd-input
EXHIBIT C-9: Client Subsystem Activities/Processes
Files are TBD.
Files Archive Site Epochs Model Coverage
Start End
ACRO1
EXHIBIT C-10: ACRIM Files
Files Archive Site Epochs Model Coverage
Start End
AIRO1
AIR02
AIRO03
AIR04
AIRO05
AIR06
AIRO7
AIR08
AIR09
AIR10

EXHIBIT C-11: AIRS Files
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Files are TBD.
Files Archive Site Epochs Model Coverage
Start End
EXHIBIT C-12: AMSU Files
Files Archive Site Epochs Model Coverage
Start End
AST L1A EDC 3Q 98 4Q 02
AST L1B EDC 3Q 98 4Q 02
AST L10 EDC 3Q 98 4Q 02
AST 06B EDC 3Q 98 4Q 02
AST 06C EDC 3Q 98 4Q 02
AST 06A EDC 3Q 98 4Q 02
AST 04 EDC 3Q 98 4Q 02
AST 09B EDC 3Q 98 4Q 02
AST 09A EDC 3Q 98 4Q 02
AST 07B EDC 3Q 98 4Q 02
AST 07A EDC 3Q 98 4Q 02
AST 09C EDC 3Q 98 4Q 02
AST 05 08 | EDC 3Q 98 4Q 02
AST 11 EDC 3Q 98 4Q 02
AST 12 EDC 3Q 98 4Q 02
AST 13 EDC 3Q 98 4Q 02
AST 14 EDC 3Q 98 4Q 02
EXHIBIT C-13: ASTER Files
Files are TBD.
Files Archive Site Epochs Model Coverage
Start End

C-12

EXHIBIT C-14: AVHRR Files
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Files Archive Site Epochs Model Coverage
Start End
CEROLT LaRC 3Q 97 4Q 00
CERO1A1 LaRC 3Q 98 2Q 03
CERO1P1 LaRC 1Q 01 2Q 0B
CERO2T LaRC 3Q 97 4Q 00
CERO0O2A LaRC 3Q 98 2Q 03
CERO2P LaRC 1Q 01 2Q 038
CERO3aT LaRC 3Q 97 4Q 00
CER13aT LaRC 3Q 97 4Q 00
CER14aT LaRC 3Q 97 4Q 00
CERO03aA LaRC 3Q 98 3Q 01
CER13aA LaRC 3Q 98 3Q 01
CER14aA LaRC 3Q 98 3Q 01
CERO03aP LaRC 1Q 01 3Q 01
CER13aP LaRC 1Q 01 3Q 01
CER14aP LaRC 1Q 01 3Q 01
CERO3bTA | LaRC 3Q 98 3Q 00
CER13bTA | LaRC 3Q 98 3Q 00
CER14bTA | LaRC 3Q 98 3Q 00
CERO3bAP | LaRC 1Q 01 3Q 0L
CER13bAP LaRC 1Q 01 30Q 0L
CER14bAP LaRC 1Q 01 3Q 01
CER11T LaRC 3Q 97 4Q 97
CER11T LaRC 3Q 97 3Q 00
CER11A1 LaRC 3Q 98 40Q 98
CER11A1 LaRC 3Q 98 3Q 01
CER11P1 LaRC 1Q 01 2Q oL
CER11P1 LaRC 1Q 01 3Q oL
CERO4aT LaRC 4Q 97 40Q 00
CERO4aA LaRC 3Q 98 4Q 00
CERO04bP LaRC 1Q 01 20Q 01
CERO4aT LaRC 1Q 98 4Q 00
CERO4aA LaRC 3Q 98 4Q 00
CERO04bP LaRC 3Q 01 2Q 03
CERO4bA LaRC 1Q 01 2Q 03
CERO5aT LaRC 1Q 98 4Q 00
CERO05aA LaRC 3Q 98 2Q 038
CERO5bA LaRC 1Q 01 2Q 03
CERO5bP LaRC 1Q 01 2Q 08
CERO7aT LaRC 1Q 98 4Q 00
CEROQ7aA LaRC 3Q 98 4Q 00
CERO7bA LaRC 1Q 01 2Q 03

EOSVV-0506-02/10/95
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Files Archive Site Epochs Model Coverage
Start End
CERO7bP LaRC 1Q 01 2Q 08
CERO7CTA | LaRC 3Q 98 40Q 00
CERO7dAP | LaRC 1Q 01 2Q 03
CERO8aT LaRC 1Q 98 3Q 00
CER15aT LaRC 1Q 98 4Q 00
CERO08aA LaRC 3Q 98 4Q 00
CER15aA LaRC 3Q 98 4Q 00
CERO8bA LaRC 1Q 01 2Q 03
CER15bA LaRC 1Q 01 2Q 03
CERO08bP LaRC 1Q 01 2Q 08
CER15bP LaRC 1Q 01 2Q 08
CERO8CTA | LaRC 3Q 98 4Q 00
CER15CTA | LaRC 3Q 98 4Q 00
CERO8dAP | LaRC 1Q 01 2Q 03
CER15dAP LaRC 1Q 01 2Q 0B
CER12T LaRC 3Q 97 4Q 97
CER12T LaRC 3Q 97 4Q 00
CER12A LaRC 3Q 98 4Q 98
CER12A LaRC 3Q 98 2Q 03
CER12P LaRC 1Q 01 20Q 01
CER12P LaRC 1Q 01 2Q 038
CERO6AT LaRC 3Q 97 4Q 00
CERO06aA LaRC 3Q 98 2Q 038
CERO6aP LaRC 1Q 01 2Q 03
CERO6bTA | LaRC 3Q 98 4Q 00
CERO6bAP | LaRC 1Q 01 2Q 03
CERXO1T LaRC 3Q 97 4Q 00
CERXO01A LaRC 3Q 98 2Q 03
CERXO01P LaRC 3Q 98 2Q 038
CERXO02T LaRC 3Q 97 40Q 00
CERXO02A LaRC 3Q 98 2Q 03
CERXO02P LaRC 2Q 01 2Q 03
CERXO06 LaRC 3Q 97 4Q 97
CERXO06 LaRC 3Q 97 2Q 03

C-14
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Files are TBD.
Files Archive Site Epochs Model Coverage
Start End
EXHIBIT C-16: DORIS Files
Files Archive Site Epochs Model Coverage
Start End
EOSPO1
EOSPO02
EOSP03
EOSP04
EOSPO05
EOSP06
EOSPO7
EOSP08
EXHIBIT C-17: ESOP Files
Files are TBD.
Files Archive Site Epochs Model Coverage

Start End

EXHIBIT C-18: ETM Files
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Files

Archive Site

Epochs
Start End

Model Coverage

GLAO1

GLAOZ2

GLAO3

GLAO4

GLAOS

GLAO6

GLAO7

GLAO8

GLAO9

GLA10

GLA1l

EXHIBIT C-19: GLAS Files

Files

Archive Site

Epochs
Start End

Model Coverage

HIRO1

HIRO2

HIRO3

HIR04

HIRO5

HIRO6

HIRO7

HIRO8

HIRO09

HIR10

HIR11

HIR12

HIR13

HIR14

HIR15

HIR16

HIR17

HIR18

HIR19

HIR20

HIR21

HIR22

HIR23

HIR24

C-16
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Files Archive Site Epochs Model Coverage
Start End

HIR25
HIR26
HIR27
HIR28
HIR29

EXHIBIT C-20: HIRDLS Files

Files Archive Site Epochs Model Coverage

Start End
LISO0 MSFC 3Q 97 2Q 03
LISCAL MSFC 3Q 97 2Q 03
LIS02 MSFC 3Q 97 2Q 03
LIS03 MSFC 3Q 97 2Q 03
LIS04 MSFC 3Q 97 2Q 03
LISO5 MSFC 3Q 97 2Q 03
LIS06 MSFC 3Q 97 2Q 03
LISO7 MSFC 3Q 97 2Q 03
LIS08 MSFC 3Q 97 2Q 03
LISO7B MSFC 3Q 97 2Q 03
LIS08B MSFC 3Q 97 2Q 03
LIS09 MSFC 3Q 97 2Q 03
LIS10 MSFC 3Q 97 2Q 03

EXHIBIT C-21: LIS Files

Files are TBD.
Files Archive Site Epochs Model Coverage
Start End
MHSO03
MHS02

EXHIBIT C-22: MHS Files
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Files

Archive Site

Epochs
Start End

Model Coverage

MIMO1

MIMO2

MIMO3

MIMO4

MIMOS

MIMO6

MIMO7

MIMO8

MIMO9

MIM10

MIM11

MIM12

MIM13

MIM14

MIM15

MIM16

MIM17

MIM18

MIM19

MIM20

MIM21

MIM22

MIM23

MIM24

MIM25

MIM26

MIM27

C-18

EXHIBIT C-23: MIMR Files
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Files Archive Site Epochs Model Coverage
Start End
MIS-1ASX LaRC 3Q 98 2Q 03
MIS-1AE LaRC 3Q 98 2Q 03
MIS-1ACx LaRC 3Q 98 2Q 03
MIS-1ACE | LaRC 3Q 98 2Q 03
MIS-1-BW LaRC 3Q 98 2Q 03
MIS-1AN LaRC 3Q 98 2Q 03
MIS-1B2Sx | LaRC 3Q 98 3Q 98
MIS-1B2Hx | LaRC 3Q 98 3Q 98
MIS-1B2SS | LaRC 3Q 98 3Q 98
MIS-1B2SH | LaRC 3Q 98 3Q 98
MIS1B2Sx | LaRC 4Q 98 4Q 98
MIS-1B2Hx | LaRC 4Q 98 4Q 98
MIS-1B2SS | LaRC 4Q 98 4Q 98
MIS-1B2SH | LaRC 4Q 98 4Q 98
MIS-1B2Sx | LaRC 1Q 99 1Q 99
MIS-1B2Hx | LaRC 1Q 99 1Q 99
MIS-1B2SS | LaRC 1Q 99 1Q 99
MIS-1B2SH | LaRC 1Q 99 1Q 99
MIS-1B2Sx | LaRC 2Q 99 2Q 99
MIS-1B2Hx | LaRC 2Q 99 2Q 99
MIS-1B2SS | LaRC 2Q 99 2Q 99
MIS-1B2SH | LaRC 2Q 99 2Q 99
MIS-1B2Sx | LaRC 3Q 99 3Q 99
MIS-1B2Hx | LaRC 3Q 99 3Q 99
MIS-1B2SS | LaRC 3Q 99 3Q 99
MIS-1B2SH | LaRC 3Q 99 3Q 99
MIS-1B2Sx | LaRC 1Q 00 2Q 03
MIS-1B2Hx | LaRC 1Q 00 2Q 03
MIS-1B2SS | LaRC 1Q 00 2Q 03
MIS-1B2SH | LaRC 1Q 00 2Q 03
MIS-2TC LaRC 3Q 98 3Q 98
MIS-2TCS | LaRC 3Q 98 3Q 98
MIS-2TC LaRC 4Q 98 4Q 98
MIS-2TCS | LaRC 4Q 98 4Q 98
MIS-2TC LaRC 1Q 99 1Q 99
MIS-2TCS | LaRC 1Q 99 1Q 99
MIS-2TC LaRC 2Q 99 2Q 99
MIS-2TCS | LaRC 2Q 99 2Q 99
MIS-2TC LaRC 3Q 99 3Q 99
MIS-2TCS | LaRC 3Q 99 3Q 99
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C-20

Files Archive Site Epochs Model Coverage
Start End
MIS-2TC LaRC 4Q 99 2Q 03
MIS-2TCS | LaRC 4Q 99 2Q 03
MIS-2AS LaRC 3Q 98 3Q 98
MIS-2ASS LaRC 3Q 98 3Q 98
MIS-2-BW1 | LaRC 3Q 98 3Q 98
MIS-2-BW2 | LaRC 3Q 98 3Q 98
MIS-2AS LaRC 4Q 98 4Q 98
MIS-2ASS LaRC 4Q 98 4Q 98
MIS-2-BW1 | LaRC 4Q 98 4Q 98
MIS-2-BW2 | LaRC 4Q 98 4Q 98
MIS-2AS LaRC 1Q 99 1Q 99
MIS-2ASS LaRC 1Q 99 1Q 99
MIS-2-BW1 | LaRC 1Q 99 1Q 99
MIS-2-BW2 | LaRC 1Q 99 1Q 99
MIS-2AS LaRC 2Q 99 2Q 99
MIS-2ASS LaRC 2Q 99 2Q 99
MIS-2-BW1 | LaRC 2Q 99 2Q 99
MIS-2-BW2 | LaRC 2Q 99 2Q 99
MIS-2AS LaRC 3Q 99 3Q 99
MIS-2ASS LaRC 3Q 99 3Q 99
MIS-2-BW1 | LaRC 3Q 99 3Q 99
MIS-2-BW2 | LaRC 3Q 99 3Q 99
MIS-2AS LaRC 4Q 99 2Q 03
MIS-2ASS LaRC 4Q 99 2Q 03
MIS-2-BW1 | LaRC 4Q 99 2Q 03
MIS-2-BW2 | LaRC 4Q 99 2Q 03
EXHIBIT C-24: MISR Files
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Files Archive Site Epochs Model Coverage
Start End

MLSO1
MLS02
MLSO03
MLS04
MLS05
MLS06
MLSO07
MLS08
MLS09
MLS10
MLS11
MLS12
MLS13
MLS14
MLS15
MLS16
MLS17
MLS18

EXHIBIT C-25: MLS Files

Files Archive Epochs Model Coverage
Site Start End
MODO01 L1A G GSF 3Q 98 3Q 02
C
MODO02 L1B G GSF 3Q 98 3Q 02
C
MODO03 L1A G GSF 3Q 98 3Q 02
C
MODO03 _L1A QADA | GSF 3Q 98 3Q 02
TA C
MOD4 L3 DY GSF 3Q 98 3Q 02
C
MOD4 L3 WK GSF 3Q 98 4Q 02
C
MOD4 L3 MN GSF 3Q 98 3Q 02
C
MODO05 L2 G GSF 3Q 98 3Q 02
C
MODO06 L2 G GSF 3Q 98 3Q 07
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Files Archive Epochs Model Coverage
Site Start End

C

MODO06 L3 MN GSF 3Q 98 3Q 02
C

MODO07 L2 G GSF 3Q 98 3Q 02
C

MODO08 L2 G GSF 3Q 98 3Q 02
C

MOD30 L2 G GSF 3Q 98 3Q 02
C

MOD38 L2 G GSF 3Q 98 3Q 02
C

MOD35 L2 G GSF 3Q 98 3Q 02
C

MOD_ATMOS L3 | GSF 3Q 98 3Q 02

MN C

MOD12 L3 3MN EDC 3Q 98 4Q 98

MOD12 L3 3MN EDC 1Q 99 3Q 02

MODO09 L2 G EDC 3Q 99 3Q 02

MODO09 L2 G EDC 1Q 99 3Q 02

MODO09 L3 9DY EDC 3Q 98 3Q 02

MOD10 L2 G NSI 3Q 98 4Q 98
DC

MOD10 L2 G NSI 1Q 99 3Q 02
DC

MOD10 L3 DY NSI 3Q 98 3Q 02
DC

MOD11 L2 G EDC 3Q 98 4Q 02

MOD11 L3 WK EDC 3Q 98 4Q 02

MOD12 L3 3MN EDC 3Q 98 4Q 98

MOD12 L3 3MN EDC 1Q 99 4Q 02

MOD13 L2 G EDC 1Q 99 3Q 02

MOD15 L4 WK EDC 3Q0 98 3Q 02

MOD14 L2 G GSF 3Q 98 3Q 02
C

MOD14 L3 DY GSF 3Q 98 3Q 02
C

MOD14 L3 10DY EDC 3Q 98 3Q 02

MOD14 L3 MN EDC 3Q 98 3Q 02

MOD13 L2 G GSF 3Q 98 3Q 02
C

MOD16 L3 WK EDC 3Q 98 3Q 02

C-22
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Files Archive Epochs Model Coverage
Site Start End

MOD17 L4 WK EDC 3Q0 98 3Q 02

MOD29 L2 G NSI 3Q 98 3Q 02
DC

MOD29 L3 DY NSI 3Q 98 3Q 02
DC

MOD33 L3 WK NSI 3Q 98 3Q 02
DC

MOD34 L3 10DY EDC 1Q 99 30Q 02

MOD34 L3 MN EDC 1Q 99 30Q 02

MOD40 L3 DY EDC 1Q 99 3Q 02

MOD40 L3 10DY EDC 1Q 99 30Q 02

MOD40 L3 MN EDC 1Q 99 30Q 02

MOD41 L2 MN EDC 4Q 98 3Q 02

MOD42 L3 WK NSI 3Q 98 3Q 02
DC

MODCCLR L3 CO | GSF 3Q 98 3Q 02

MP C

MODCCLR L3 CO | GSF 3Q 98 3Q 02

MP C

MOD28 L3 D DY GSF 3Q 98 3Q 02
C

MOD28 L3 N DY GSF 3Q 98 4Q 02
C

MOD28 L3 D WK GSF 3Q 98 3Q 02
C

MOD28 L3 N WK GSF 3Q 98 4Q 02
C

MOD32 L2 G GSF 3Q 98 3Q 02
C

EOSVV-0506-02/10/95
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Files Archive Site Epochs Model Coverage
Start End
MOP- 01 LaRC 2098 4Q 02
MOP- 02 LaRC 2Q 98 1Q 99
MOP- 02B LaRC 2Q 98 1Q 99
MOP- 02 LaRC 2Q 99 3Q 00
MOP- 02B LaRC 2Q 99 3Q 00
MOP-02 LaRC 4Q 00 3Q 01
MOP-02B LaRC 4Q 00 3Q 01
MOP-03 LaRC 1Q 99 3Q 01
MOP- 03B LaRC 1Q 99 3Q 01
EXHIBIT C-27: MOPITT Files
Files are TBD.
Files Archive Site Epochs Model Coverage
Start End

C-24

EXHIBIT C-28: PR Files
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Files Archive Site Epochs Model Coverage
Start End

SAGO01
SAG02
SAGO03
SAG04
SAGO05
SAGO06
SAGO7
SAGO08
SAGO09
SAG10

EXHIBIT C-29: SAGE-III Files

Files are TBD.
Files Archive Site Epochs Model Coverage
Start End
EXHIBIT C-30: Files
Files Archive Site Epochs Model Coverage
Start End
SOL01
SOL02
SOL03
SOL04

EXHIBIT C-31: SOLTICE Files
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Files Archive Site Epochs Model Coverage
Start End
SSA01
SSA02
SSA03
SSA04
SSA05
EXHIBIT C-32: SSALT Files
Files Archive Site Epochs Model Coverage
Start End
SWS01
SWS02
SWSO03

C-26

EXHIBIT C-33: SWS Files
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Files

Archive Site Epochs
Start End

Model Coverage

TESO1

TESO02

TESO03

TES04

TESO05

TESO06

TESO7

TESO08

TESO09

TES10

TES11

TES12

TES13

TES14

TES15

TES16

TES17

TES18

TES19

TES20

TES21

TES22

Files are TBD.

EXHIBIT C-34: TES Files

Files

Archive Site Epochs
Start End

Model Coverage

EOSVV-0506-02/10/95

EXHIBIT C-35: TMI Files
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Files are TBD.
Files Archive Site Epochs Model Coverage
Start End
EXHIBIT C-36: TMR Files
Files are TBD.
Files Archive Site Epochs Model Coverage
Start End

Processes are TBD.

EXHIBIT C-37: VIRS Files

Process

Execution Site

Epochs
Start End

Model Coverage

Processes are TBD.

EXHIBIT C-38: ACRIM Production Processes

Process

Execution Site

Epochs
Start End

Model Coverage

C-28

EXHIBIT C-39: AIRS Production Processes
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Processes are TBD.

Process Execution Site Epochs Model Coverage
Start End

EXHIBIT C-40: AMSU Production Processes

Process Execution Site Epochs Model Coverage

Start End
AST_PGE_0| EDC 3Q 98 4Q 02
i\ST_PGE_O EDC 3Q 98 4Q 02
iST_PGE_O EDC 3Q 98 4Q 02
iST_PGE_O EDC 3Q 98 4Q 02
iST_PGE_O EDC 3Q 98 4Q 02
iST_PGE_O EDC 3Q 98 4Q 02
2ST_PGE_O EDC 3Q 98 4Q 02
Z\ST_PGE_O EDC 3Q 98 4Q 02
iST_PGE_O EDC 3Q 98 4Q 02
iST_PGE_l EDC 3Q 98 4Q 02
0

EXHIBIT C-41: ASTER Production Processes

Processes are TBD.

Process Execution Site Epochs Model Coverage
Start End

EXHIBIT C-42: AVHRR Production Processes
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Process Execution Site Epochs Model Coverage
Start End
CERlaT LaRC 3Q 97 4Q 00
CER1laA LaRC 3Q 98 2Q 03
CER1laP LaRC 1Q 01 2Q 03
CER1bA LaRC 3Q 97 4Q 00
CER1bP LaRC 3Q 98 2Q 0B
CER2aT LaRC 3Q 97 4Q 00
CER2aA LaRC 3Q 98 2Q 03
CER2aP LaRC 1Q 01 2Q 03
CER2bT LaRC 3Q 97 4Q 00
CER2bA LaRC 3Q 98 2Q 03
CER2bP LaRC 1Q 01 2Q 0B
CER3aA LaRC 3Q 97 2Q 00
CERO03aA LaRC 3Q 97 40Q 00
CER3aP LaRC 3Q 97 4Q 0D
CER3 bTA LaRC 3Q 97 4Q 00
CER3bAP LaRC 3Q 98 3Q 01
CER4aV LaRC 3Q 98 3Q 01
CERlaF LaRC 3Q 98 3Q 01
CER4bAlV | LaRC 1Q 01 3Q 01
CER4bA1F LaRC 1Q 01 3Q 01
CER4bP1V LaRC 1Q 01 3Q 01
CER4bP1F LaRC 3Q 98 3Q 00
CER5aV LaRC 3Q 98 3Q 00
CERS5cAV LaRC 3Q 98 3Q 0¢
CER5dPV LaRC 1Q 01 3Q 01
CERb5aF LaRC 1Q 01 30Q 0L
CERCAF LaRC 1Q 01 3Q 01
CER5dPF LaRC 3Q 97 4Q 97
CER5dAF LaRC 3Q 97 3Q 00
CER6aT LaRC 3Q 98 4Q 98
CERG6aA LaRC 3Q 98 3Q 01
CERG6bA LaRC 1Q 01 2Q 01
CERG6bP LaRC 1Q 01 3Q 0L
CER6CT LaRC 4Q 97 40Q 00
CERG6CA LaRC 3Q 98 4Q 00
CER6cP LaRC 1Q 01 2Q 0l
CER7aA LaRC 1Q 98 4Q 00
CER7bA LaRC 3Q 98 4Q 00
CER7bP LaRC 3Q 01 2Q 0B
CER7c LaRC 1Q 01 2Q 03
CER7d LaRC 1Q 98 4Q 00

C-30
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Process Execution Site Epochs Model Coverage
Start End
CER8aT LaRC 3Q 98 2Q 03
CER8aA LaRC 1Q 01 2Q 03
CERS8bA LaRC 1Q 01 2Q 03
CERS8bP LaRC 1Q 98 4Q 00
CERS8c LaRC 3Q 98 4Q 00
CER8d LaRC 1Q 01 2Q 03
CER9aTV LaRC 1Q 01 2Q 03
CER9aTF LaRC 3Q 98 4Q 00
CER9aAV LaRC 1Q 01 2Q 03
CER9aAF LaRC 1Q 98 3Q 00
CER9aPV LaRC 1Q 98 4Q 0D
CER9aPF LaRC 3Q 98 4Q 00
CER9bTV LaRC 3Q 98 4Q 00
CER9bTF LaRC 3Q 97 4Q 00
CER9bAV LaRC 3Q 98 4Q 98
CER9bAF LaRC 3Q 98 2Q 03
CER9bPV LaRC 1Q 01 2Q 03
CER9bPF LaRC 1Q 01 2Q 03
CER10aT LaRC 3Q 97 4Q 00
CER10aA LaRC 3Q 98 2Q 038
CER10aP LaRC 2Q 01 2Q 03
CER10bTA | LaRC 3Q 98 4Q 00
CER10bAP | LaRC 1Q 01 2Q 08
CER11aT LaRC 3Q 97 4Q 00
CER11aA LaRC 3Q 98 2Q 03
CER11aP LaRC 1Q 01 2Q 03
CER12aV LaRC 2Q 97 3Q 97
CER12aF LaRC 3Q 97 2Q 03

EXHIBIT C-43: CERES Production Processes
Processes are TBD.

Process Execution Site Epochs Model Coverage
Start End

EXHIBIT C-44: DORIS Production Processes
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Process

Execution Site

Epochs
Start End

Model Coverage

Processes are TBD.

EXHIBIT C-45: ESOP Production Processes

Process

Execution Site

Epochs
Start End

Model Coverage

Processes are TBD.

EXHIBIT C-46: ETM Production Processes

Process

Execution Site

Epochs
Start End

Model Coverage

Processes are TBD.

EXHIBIT C-47: GLAS Production Processes

Process

Execution Site

Epochs
Start End

Model Coverage

Processes are TBD.

EXHIBIT C-48: HIRDLS Production Processes

Process Execution Site Epochs Model Coverage
Start End
LIS MSFC 3Q 97 2Q 03

C-32

EXHIBIT C-49: LIS Production Processes
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Processes are TBD.

Process Execution Site Epochs Model Coverage
Start End

EXHIBIT C-50: MHS Production Processes
Processes are TBD.

Process Execution Site Epochs Model Coverage
Start End

EXHIBIT C-51: MIMR Production Processes

Process Execution Site Epochs Model Coverage
Start End
MISP1A LaRC 3Q 98 2Q 03
MISP1B LaRC 3Q 98 2Q 03
MISP1B2 LaRC 3Q 98 3Q 98
MISP1B2 LaRC 4Q 98 4Q 98
MISP1B2 LaRC 1Q 99 1Q 99
MISP1B2 LaRC 2Q 99 2Q 99
MISP1B2 LaRC 3Q 99 3Q 99
MISP1B2 LaRC 4Q 99 2Q 03
MISP2TC LaRC 3Q 98 3Q 98
MISP2TC LaRC 4Q 98 4Q 98
MISP2TC LaRC 1Q 99 1Q 99
MISP2TC LaRC 2Q 99 2Q 99
MISP2TC LaRC 3Q 99 3Q 99
MISP2TC LaRC 4Q 99 2Q 03
MISP2AS LaRC 3Q 98 3Q 98
MISP2AS LaRC 4Q 98 4Q 98
MISP2AS LaRC 1Q 99 1Q 99
MISP2AS LaRC 2Q 99 2Q 99
MISP2AS LaRC 3Q 99 3Q 99
MISP2AS LaRC 4Q 99 4Q 99

EXHIBIT C-52: MISR Production Processes
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Processes are TBD.

Process Execution Site

Epochs
Start End

Model Coverage

EXHIBIT C-53: MLS Production Processes

Process Execution Epochs Model Coverage
Site Start End
MODO1:L1A:G GSF 3Q 98 3Q 02
MODO02:L1B:G CC:SSF 3Q 98 3Q 02
MODO03:L1A:G CC:ESF 3Q 98 3Q 02
MODO04:L2:G CC:ESF 3Q 98 3Q 02
MODO04:L3:DY:G cC:ESF 3Q 98 4Q 02
MODO04:L3:WK:G CC:ESF 3Q 98 3Q 02
MODO05:L2:G CC:ESF 3Q 98 3Q 02
MODO06:L3:MN:G C(:BSF 3Q 98 3Q 02
MOD:ATMOS:L2:G CC:SSF 3Q 98 3Q 02
MOD35:L2:G CC:ESF 3Q 98 3Q 02
MOD:ATMOS:L3:MN: gSF 3Q 98 3Q 02
E/IODll:LZ:G CC:ESF 3Q 98 4Q 98
MOD11:L2:l CC:;SF 1Q 99 3Q 02
MOD11:L3:WK:G CC:;SF 3Q 98 3Q 02
MOD12:L3:3MN:E cI;DC 3Q 98 4Q 9§
MOD12:L3:3MN:I EDC 1Q 99 3Q 02
MODO09:L2:G GSF 3Q 98 4Q 98
C

C-34
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Process Execution Epochs Model Coverage
Site Start End

MODO09:L2:I GSF 1Q 99 4Q 02
C

MODO09:L3:DY:G GSF 3Q 98 3Q 02
C

MOD10:L2:G GSF 3Q 98 4Q 98
C

MOD10:L2:I GSF 1Q 99 3Q 02
C

MOD10:L3:DY:G NSIDC 3Q 98 3Q 02

MOD15:L4:WK:G EDC 3Q 98 2Q 02

MOD14:L.2:G GSFC 3Q 98 3Q 0P

MOD14:L3:.DY:G EDC 3Q 98 3Q 02

MOD14:L3:10DY:G EDC 3Q 98 3Q 02

MOD14:L3:MN:G EDC 3Q 98 3Q 0Z

MOD13:L2:G GSF 3Q 98 3Q 02
C

MOD16:L3:WK:G EDC 3Q 98 3Q 07

MOD17:L4:WK:G EDC 3Q 98 3Q 02

MOD29:L2:G GSF 3Q 98 3Q 02
C

MOD29:L3:DY:G NSIDC 3Q 98 3Q 02

MOD33:L3:WK:G NSIDC 3Q 98 3Q 07

MOD34:L3:10DY:l EDC 1Q 99 3Q 07

MOD34:L3:MN:l EDC 1Q 99 3Q 02

MOD40:L3:DY EDC 1Q 99 3Q 02

MOD40:L3:10DY:I EDC 1Q 99 3Q 0Z

MOD40:L3:MN:l EDC 1Q 99 3Q 02

MODA41:L2:H GSFC 4Q 98 3Q 02

MOD42:L3:WK:G NSIDC 3Q 98 3Q 07

MODOCCLR:L2:G GSF 3Q 98 3Q 02
C

MODOCCLR:SPBIN:G| GSF 3Q 98 3Q 02
C

MODOCCLR:ORBIT:G| GSF 3Q 98 3Q 02
C

MODOCCLR:L3:DY:G | GSF 3Q 98 3Q 02
C

MODOCCLR:L3:WK:G| GSF 1Q 99 3Q 02
C

MODOCCLR:L3:WK:Q | GSF 4Q 98 3Q 02

C:G C
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Process Execution Epochs Model Coverage
Site Start End
MOD28:L2:G GSFC 30 98 3Q 02
MOD28:SPBIN:G GSF 3Q 98 3Q 02
C
MOD28:D:ORBIT:G GSF 3Q 98 4Q 02
C
MOD28:N:ORBIT:G GSF 3Q 98 4Q 02
C
MOD28:L3:COMP:D:D| GSF 3Q 98 3Q 02
C
MOD28:L3:COMP:N:D | GSF 3Q 98 3Q 02
Y:G C
MOD28:L3: TMP:D:WK | GSF 3Q 98 3Q 02
C
MOD28:L3:TMP:N:WK | GSF 3Q 98 3Q 02
G C
MOD28:L3:D:WK:G GSF 3Q 98 3Q 02
C
MOD28:L3:N:WK:G GSF 3Q 98 3Q 02
C
MOD32:L2:G GSF 3Q 98 3Q 02
C
EXHIBIT C-54: MODIS Production Processes
Process Execution Site Epochs Model Coverage
Start End
MOPL1 LaRC 2098 4Q 02
MOPL1Qi-C | LaRC 20 98 3Q 98
MOPL1Qi-D | LaRC 4Q 98 4Q 02
MOPL2-C LaRC 20 98 1Q 99
MOPL2-E LaRC 20 99 2Q 00
MOPL2-H LaRC 4Q 00 4Q 02
MOPL2QI-C | LaRC 20 98 1Q 99
MOPL2Qi-D | LaRC 20 99 3Q 02
MOPL3 LaRC 1Q 99 3Q 02
MOPL3QI-E | LaRC 10 99 2Q 99
MOPL3Qi-F | LaRC 30 99 4Q 02
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EXHIBIT C-55: MOPITT Production Processes
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Process

Execution Site

Epochs
Start End

Model Coverage

Processes are TBD.

EXHIBIT C-56: PR Production Processes

Process

Execution Site

Epochs
Start End

Model Coverage

Processes are TBD.

EXHIBIT C-57: SAGE-IIl Production Processes

Process

Execution Site

Epochs
Start End

Model Coverage

Processes are TBD.

EXHIBIT C-58: SeaWiFS Production Processes

Process

Execution Site

Epochs
Start End

Model Coverage

Processes are TBD.

EXHIBIT C-59: SOLTICE Production Processes

Process

Execution Site

Epochs
Start End

Model Coverage
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Process

Execution Site

Epochs
Start End

Model Coverage

Processes are TBD.

EXHIBIT C-61

: SWS Production Processes

Process

Execution Site

Epochs
Start End

Model Coverage

Processes are TBD.

EXHIBIT C-62: TES Production Processes

Process

Execution Site

Epochs
Start End

Model Coverage

Processes are TBD.

EXHIBIT C-63

: TMI Production Processes

Process

Execution Site

Epochs
Start End

Model Coverage

Processes are TBD.

EXHIBIT C-64:

TMR Production Processes

Process

Execution Site

Epochs
Start End

Model Coverage

C-38
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This will account for user workloads in terms of the 49 s&evices developed frothe user
scenarios.

User Service Process(es) Executed Model Coverage

Simple Search

Match-up Search

Coincident Search

Simultaneous Multiple DAAC
Search

Save Query Results fide for
later use

Spatial Subsetting

Temporal Subsetting

Parametric Subsetting

Spectral Subsetting

Subset QA statistics

Save Subsetted data for later
"bulk" retrieval

Save list of lat./long
coordinates....

Access info on non-EOS data

Access info orEOS and non-
EOS algorithms

Access Electronic Journal

Integrated Browse (text)

Cut parts of documents and
save to file

FTP Browse

Send Browse Products on
medium

Integrated Browse (data)

Integrated Browse (non-EQS
data)

Display multiple Filess
simultaneously

Animation

Display "product coverage
map

Ingest user software or file

Create and Display 3-D plot

Create and Display X-Y plot

Create and Display new
images
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User Service

Process(es) Executed Model Coverage

Create andDisplay contour
plot

Create and Display scatter plot

Manage/Save data created by a

user process

Ingest/Archive user resulis

created by processesxternal
to ECS

Trigger process

Access Level 0 data

Access orbital Model output

Access data dependency infg

Automatic Notification

Statistical Analysis

Regrid data

Coordinate transformation

Compute difference between

two parameters

Compute ratio of twg
parameters

Interactive download

Point Instrument

Video Teleconferencing

Compute order cost

Order from a saved resulist
or file:

Standing Order

Order results of a user proce
run on ECS

SS

EXHIBIT C-66: User/"Pull” Workload

C-40
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This Exhibit will account for “Push” Workloads by Instrument other data source; two
instruments are listed as examples.

Instrument

“Push” Workload

Process(es) Executed

Model Coverage

ACRIM

Ingest

Production

Archive

AIRS

Ingest

Production

Archive

EXHIBIT C-67: “Push” Workloads

This Exhibit will account for computer and network resources by subsystem

Subsystem

Processo | Disks

IS

110
Channels

Network
Links

Read/Writ
e Heads

Robots

Client

Interoperabili
ty

Data
Management

Data Server

Ingest

Data
Processing

Planning

EXHIBIT C-68: System Resources

This Exhibit will account for overheads representicectly in the workloads; aexample is

given.

Workload

Resource(s)

Model Coverage

Browse

Data Server Processor at

MSFC DAAC

DBMS Software
Processing

EXHIBIT C-69: Direct Workload Overhead
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This Exhibitwill account for background overheads thatrayemodeled directly. A couple of
examples are given.

Resource Model Coverage

Inter-DAAC Links Protocol Overhead = 0%

Data ProcessingsubsystemProcessor atProcessing Efficiency = 25%
GSFC DAAC

EXHIBIT C-70 : Background Overhead

This Exhibit will account for the data dependencies by process; an example is given.

Process Input File(s) Output File(s)

MODO1:L1A MOD_LO MODO1_L1A

EXHIBIT 71: Process Input and Output Files

This Exhibit will account for performance statistics collection for system resources.

Metrics Processors | Disks 110 Network Robots Read/Writ
Channels | Links e Heads

Number
Used

Utilization
Fraction

Number in
Use

Throughput

Queue
Length

EXHIBIT C-72: Resource Metrics
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Performance Requirement

Model Metric

EOSD1000

Emergency real-time command

2

EOSD1010

Appendicies C & D - loads

EOSD1030

Quick-look data load

EOSD1040

Reprocessing load

EOSD1050

Level 1 product availability time

EOSD1060

Level 2 product availability time

EOSD1070

Level 3 product availability time

EOSD1080

Level 4 product availability time

EOSD1140

Sustaining Engineering resourc

PGS-1300

Processor capacity

PGS-1310

20% yearly product growth

PGS-1315

Temporary & Intermediate storgge

PGS-1301

25% of peak CPU capacity

PGS-1270

PGS expansion by factors of 3,

DADS2770

Physical product distribution tim

DADS2778

Receive & archive 3 days’ data

DADS2780

Ingest at max EDOS output

DADS2900

Archival current + 1 year volumeg

DADS2910

Archival storage field expandab

DADS2950

Manual mounting of archive me

1 [P
QD

DADS3000

Bit error rate < 10**(-12)

DADS3010

Archival/backup media shelf life

DADS3040

Backup media removable

DADS3055

Backup media auto/manual mo

unt

DADS3090

200% throughput expansion

DADS3100

Network data distribution rates

DADS3110

Media data distribution rates

DADS3115

Q-L product distribution time

DADS3120

QA product distribution time

DADS3125

Same ECS std-format data

DADS3126

Different ECS std-format data

DADS3135

Transaction Rates

IMS-1780.1

Logon/Authorize response time

IMS-1780.2

Directory Search response time

IMS-1780.3

Guide Search response time

IMS-1780.4

Inventory Search response timg

D

IMS-1780.5

Status Check response time

IMS-1780.6

Browse response time

IMS-1780.7

Document Search response tin

e

IMS-1780.8

Ordering Services response tin

e

EOSVV-0506-02/10/95
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Performance Requirement

Model Metric

IMS-1785  DADS data base update load

IMS-1790  Minimum storage - Appendix G

IMS-1800  Processing/storage expansion

ESN-1206  Support ECS loads

ESN-1207 Support ESC growth

EXHIBIT C-73: Performance Requirements Compliance

C-44
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APPENDIX D: COST MODEL ANALYSIS DETAIL

D.1 Analysis Methods
In performingthe analysis, a commoset ofevaluation criteria was considered from among the
following list:

. Completeness

. Correctness

. Accuracy

. Technical integrity

- traceability to requirements
- engineering quality
- testability
. User satisfaction
support for the engineering process
implementation

Completeness and correctness, as used in this coatesimilar in meaning ashen they are
used in the context of requiremergBralysis. Completenessfers to whetheall costs are
accounted for.Omission ofcostsleads to unrealisticalllpw estimates and is one sourceco$t
overruns. Correctness, on the othand, refers to whether the costsludedare all required.
Addition of costs that are noktquired obviouslynflatesthe overall estimate, and can result in
program termination. However, even if tBestModeling is complete andorrect, there is no
guarantee that it is accuratéccuracy also requirethat the parameters useddstimating the
costs be correct.

Technical integrity consists of three componeinéseability to requirements; engineering quality;
and testability. Traceability to requirements s facets. First, it refers to whether the
implementation of the models satisftee requirements placed on them by the project. Second, it
refers to whether thenodelsfulfill their intended purposeEngineering quality also has two
facets. First, it refers to whether not goodengineering judgment was appliegkpecially
whether the key cost issues and drivers were addressedsapabipropriately. The second, and
perhaps more important facetesfgineering quality, is wheth#re engineeringorocess uses the
models correctly. The third component of technical integrity is testabiligstability in this
context, refers to the ease or lack thereof of validating the models.

The last evaluation criteria considered in dnalysiswas user satisfaction. User satisfaction has

two components. The first consideration is whether ntfwglel meets its intendegurpose.
Generallythese modelare developed to support tergineeringorocess. If thenodels do not

provide the needed support to #gineeringprocess or arémited in scope, thevalidity of the

answers it provides are in question. The second consideration is related to the first and addresses
whether themplementation othe model meetshe user's needs afatilitatesthe purpose it was
designed for.

EOSVV-0506-02/10/95 D-1
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D.1.1 COTS HW and SW Estimation
The specific items addressed in estimating COTS hardware and software costs included:

. Completeness
. Correctness
. Accuracy

- numbers of components
- component cost
- cost trends
. Technical integrity
- traceability to requirements
- engineering quality
- testability
. User satisfaction
support for the engineering process
implementation

The parameters that tenddave cost,and are therefore strongly related to accuracy, in the area
of COTS hardware and softwarelude numbers ofomponents, the cost per component, and
cost trends. Regarding number of componentise key issue addressed waswv thenumbers
were arrivedat. This in itself is a complex issueThere was no attempt ithis analysis to
duplicate the work reported in Section 5. Rather, the goal was to determine whether Performance
Modeling was used, andnbt, whattechniques were usedror componentost, theobvious key
issue is whethethe costs used fapecific components arasimilar to those available in the
marketplace.Giventhe historical increase in performance and reductiotost as dunction of

time, and the fadhatany major systensuch as EOSDIS is alwayslilt over a period ofime,

the key issue witltost trends isvhether thatistorical performance improvement/cost reduction
has been accounted for in estimating costs.

Regarding user satisfaction and the C@odStestimation, thé&ey issue was whethdre model
supports itgprimary purpose; i.e., trade-o#inalysis. Speed and ease of use key to achieving
that purpose. In contrast, regarding the COTS procurement model, the key issuabiiy i
produce accurate costs. Rbrs model, speed and ease of ase less of an issue. Attention
must be paid to details regarding the specific components used, their numbers, and their costs.

A variety of methods was used to perfatime CostModel evaluation. Thénitial plan was to
become familiar with the models, their purposes, and the gevesraheywereimplemented, and
then obtain thenodels andexamine them directly. When it became ckbat themodels were
not going to be made availablie analysis becammore focused ofearningabout themodels
and performingthe evaluation on theasis ofthat knowledge. Hence, thevaluation was
performed by:

. Reviewing existing briefing materials

. Interviewing the model developer
- conduct interviews
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- write-up findings
- provide findings to the model developer for comment
- ask follow-up questions

. Reviewing tabular information provided by the model developer

. Reviewing the PDR modeling plan

. Reviewing documentation of themodels produced towards the end of the
evaluation process

. Analyzing the implementation othe models based othe developer's description
and the other sources of information. Specific issues included
- inputs
- decision criteria
- outputs

. Estimating the historical rate of decrease of cost per unit of performance

In the process of the evaluation sogpecific "measurementslere made. The types whlues
examined included:

. parameters (e.g. rates of decrease in performance per unit price)
. the specific hardware / software selections used as the basis of cost

The historicakate of decrease in the cost p@it of performance was estimated by consulting a
variety of references such as old purchase orders and old magazine articles for loissbritzh,
currentlist prices andvendor quotes for current costmd datdases of benchmardata for
performance informationTwo to threespecific examplewereutilized for each technology area.

The percent decrease in performance per unit pricegserwas computed for eaelxample.

These values were then compared with thesegused by HAIS. Asensitivity analysisvas also
performed to determine what parameters would be required to be input to dbbigwercent
decrease in performance per unit price per year being used by HAIS. These parameters were then
evaluated to determine whether they wegsonably close to known price/performance points or

not.

The formula for computing cost/capacity decrease per year is:

Cost/Capacity decrease per year = Initial Cost /CapacityminusCost /Capacity
in Year 1 divided by the Initial Cost /
Capacity

Cost/Capacity in Year 1 = Initial Cost /Capacity timeghe annualCost

/ Capacity reduction factor

Annual Cost/Capacity reduction factor = The Mdot of the ratio ofinitial Cost /
Capacity to EndingCost Capacity where N
equals theaumber of years betweé¢he two
data points

Data points input to these formula as well as the results of the computations are shown.
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Start End Yearl | Year2 | Year3 | Year4 | Year5 Nl Nth
Value Value Value Value Value | Value | Value i z(l\(le)ars Root
CPU - estimated values
Capacity (MIPS) 50 200
Cost 20000 10000
Cost/Capacity 400.00 50.00 263/90 174.11 114.87 5.79 50.00 5 65.98
Percent Decrease -0.34 -0{34 -0.34 -0.34 -0.34
CPU - another estimate
Capacity (MIPS) i 40
Cost 250 2000
Cost/Capacity 625.00 50.00 377/14 227.57 137.32 2.86 50.00 5 60.34
Percent Decrease -0.40 -0/40 -0.40 -0.40 -0.40
CPU - Based on published numbers
Capacity (Mflops) 6 18
Cost 28000 24000
Cost/Capacity 4666.67 1333.33 3073.62 2024.39  1333.33 3 £5.86
Percent Decrease -0.34 -0{34 -0.34
DISK - based on cost estimates
Capacity (MB) 1000 4000
Cost 700 3200
Cost/Capacity 7.00 0.80 4.54 2/94 1190 1.23 D.80 5 64.80
Percent Decrease -0.35 -0{35 -0.35 .35 -0.35
DISK - Based on Actual Purchases
Capacity (MB) 0.1 0.4
Cost 575 220
Cost/Capacity 5750.00 550.00 3197.73 1778.34 988.98  550.00 4 55.61
Percent Decrease -0.44 -0/44 -0.44 44
ARCHIVE - based on cost estimates
Capacity (TB) 1 @
Cost 20( 150
Cost/Capacity 200.00 25.00 131/95 87.06 57.43 7.89 25.00 5 65.98
Percent Decrease -0.34 -0{34 -0.34 .34 -0.34
ARCHIVE - based on vendor quotes
Capacity (TB) 1 14.5
Cost 20( 625
Cost/Capacity 200.00 43.10 136/27 92.85 63.26 3.10 4 8.14
Percent Decrease -0.32 -0{32 -0.32 .32

EXHIBIT D-1: Data Points Used To Compute Annual Price / Performance Decrease And
The Resulting Values

D-4
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D.1.2 Custom SW Estimation
The custom software estimation analysis focused on an assessment of the following:

. Accuracy
- numbers of elements
- size multipliers
- cost trends
. Technical integrity
- traceability to requirements
- engineering quality
- testability
. User satisfaction
support for the engineering process
implementation

Completeness and correctness caowdt beevaluated due to a lack of information. Thajority
of the effort was focused on assessing the engineering qudtity estimation process. Software
cost estimation follows four basic steps:

. size estimation
. level of effort estimation
. schedule determination
. cost estimation

Due to lack of available information, the analysis focused on determining how the steps mentioned
above were performed. It was determieady inthe evaluation procedisat a somewhat new
method wasbeing used to estimate software size. Therefor&ew aspect of theanalysis
addressed the validity of that method. Some of the specific tasks performed included:

. Determining what methods exifdr estimation of software size/eff@iven an
object-oriented design process and the degree to which they have been tested;

. Searching for an established relationship betweencelines of codgSLOC) and
object-oriented design (OOD) entities; and

. Detemining therelationship between SLOC and OOD entities such as objects and

methods in existing C++ software.

As discussed in Section 6.1, even if a valid method is used, the parameters usdidewtiethod
also strongly effect whether theosts estimated are accurate or not. Heflus, analysis
examinedthree key parameters: numbers of elements; siakipliers; andcost trends to
determine whether they seemed tosékd and/orwerebeing estimated in aalid way. Numbers
of elements in thisontext refer to counts of object-orientddsign entities, such as objects
(similar tostructures in C) and metho@&milar to functions irC). Size multipliersrefer to the
number of SLOC used tmultiply against the counts afesign entities. Cost trends irthis
context refer to whether changes dost (personnelcost inthis case) were recognized and
accounted for correctly.
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The otherissues included in evaluation of technical integnre similar to those discussed in
Section 6.1.

The analysiswas performedrimarily by interviewingthe model developer andnalyzing the
stated approach, as performed for COTS hardware and soféstneation above. Due to
difficulties in coordination with thisndividual, itwasnot possible taconductseveral iterations of
this process. Moreover, no hardcomaterialswere provided taid inthe analysis. Since, the
estimation approacbeingused is somewhat new, taaalysis did include queryirthe literature
and engineering communityor existence/familiarity with stated the approach and for
recommended strategies.

In the process of the evaluation sogpecific "measurementsilere made. The types whlues
that were examined were:

. parameters (e.g. SLOC / OOD entity)

Two methods were used to determine whether methods exist for estimation of software size/effort
given anobject-oriented desigprocess and what relationships have besmablished between
sourcelines ofcode (SLOC) and object-oriente@sign(OOD) entities. First the Internaews
system was used to circulate questions to the sofemgiaeering community. A synopsis of the
EOSDIS project, the phase of thevelopment and thetated approach wadaced in thenews
system with a request for comments as to knowledge of projechécinthe stated approach had
been used and whethany tools existedthat had successfullparameterized the approach.
Second, to insure that the existing knowledge baséemg thoroughly sampleBeter Coad, an
author ofseveralbooks on object-oriented design, was contactedexasting materials on the
subject of object-oriented estimation methods. rElaelily availableeferences returned by these
two methods were obtained arekaminedfor relevant information. In addition, written
guidelines for software estimation published by Reifer Consultants were used.

In order todetermine theelationship between SLOC and OOD entities such as objects and
methods in existingoftware,two repositories of C++ software weenalyzed. Ratios were
computed by counting SLO®@ithin each class with a codmunter, counting methodsithin

each class manually, then computing the ratios.

D.1.3 Operational Cost Estimation
The specific issues addressed in analysis of estimation of operational costs included:

. Completeness
. Correctness
. Accuracy
- rates
. Technical integrity

- traceability to requirements
- engineering quality
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- testability
. User satisfaction
support for the engineering process
implementation

Operational costs are driven by personnel costs. Therefoke)thgsues regarding estimation of
operational costs center around hpgrsonnetosts are estimatedCompleteness in thiontext

refers to whether all the required types of staff were accounted for. Correctness refers to whether
the types of personnel included are all required.

The engineeringjuality aspects of théechnical integrity assessment had some unique aspects.
The key issues related bow thenumbers of personnelere estimated and whether gahedule
for delivery of automated features was factored into the estimation process.

The analysiswas performedrimarily by interviewingthe model developer andnalyzing the
stated approach, as reported for COTS hardwarck software estimation above. It voady
possible taconducttwo iterations of thigprocess. Thetaff allocations performed for SDR were
provided to aid in understanditige organization ddtaff functions. Howevethe numbers of
staff reflected in this materialere deemed to beutdatedandinvalid, and therefore, were not
analyzed.

Early in the analysis it was determined that a fixed value of $100K was being afsuthedost
of a man-year. lorder toevaluate thevalidity of usingsuch a figure, a typicahix of labor
categories and costs per labor category was a&skunihe averagslary resulting from these
assumptions was then computed and compared tstdtexrivalue of $100K. The inputs tihis
analysis of average annual labor cost are shown in Exhibit D-2.
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POSITION TITLE Number | Cost/HR | Multiplier | ANNUAL TOTAL
of Staff | (unloaded)| used COST COST

M&O Manager 4 $4off-site $188,416 $753,644
Site Manager n $3bn-site $143,360 $143,340
Admin Support / Security 317 $1én-site $61,44( $227,328
Librarian 1 $1%on-site $61,44( $61,440
Operational Readinessnd Performance 2 $2Qon-site $81,92( $163,840
Assurance
DAAC Trainers 2 $2(bn-site $81,92( $163,840
SUSTAINING ENGINEERING

S/W Maintenance/Engineering 20.2 B30 site $141,312 $2,854,5(02

Science P $26n-site $102,400 $204,800

Planned Upgrades 1.7 $2B-site $102,400 $174,040

Configuration Management 1.2 $26-site $102,400 $737,240

Testing 3 $2fon-site $102,400 $307,200
Property Management/ILS 4.4 Hob-site $61,44( $270,336
H/W Maintenance 10 $36n-site $122,880 $1,228,8(00
Resource Controller/Performance Analys 1 HhEsite $102,400 $102,400
ALGORITHM SUPPORT

Test & Integration 6 $20n-site $81,92( $491,590

Development ! $2bff-site $117,760 $471,040
Data Base Administration 2 $rih-site $81,92( $163,840
Ops. Supervisor/Production Scheduler 1 HPOsite $81,92( $81,920
QA/Production Monitor 221 $26n-site $81,92( $1,810,432
Ground Controller 7P 26n-site $81,92( $589,8%44
USER SERVICES

Data Specialist 10(2 $Rh-site $81,92( $835,584

User Assistance 13 $lh-site $61,44( $798,740
Data Distribution Technician 812 $ldn-site $61,44( $503,8(08
Computer Operator 10.3 $[h-site $61,44( $632,832
Archive Manager 47 $26n-site $81,92( $385,044
TOTALS 151.9 $14,157,414

Average cost per man-year $93,207

onsite_indirect_rate 2
offsite_indirect_rate 2.3

EXHIBIT D-2: Parameters Used In Estimating The Average Cost Per Man Year

D-8
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D.2 Analysis Results

The results of analysis of traceability to requirements is shown in Exhibit D-3.

=2

(@)

REQUIREMENT SATISFIED? COMMENTS

The contractor shall establistnd maintain d.ife Cycle | PARTIAL There is no overall model whigh

Cost (LCC) model computes lifecycle cost.Rather,
outputs from a series of moddgls
must be manually accumulated.

The LCC model shall be developed to be compatible witBD

the ECS Work Breakdown structure (WBS).

The LCC modelshall identify lifecycle costancluding | PARTIAL The components aost describedl

the cost of development, acquisition, operation, CQTS in the requirement arebeing

licensing, upgrades (including newer versions of COTS estimated individually. There i$

software), correction datentdefectsandrelatedsystem however, no overall model whig

support over the ECS lifetime. rolls up these components ajst
into an overall lifecycle cost.

The LCC modelshall also include thecost of any| YES

necessary maintenance subcontracts.

The LCC modekhall includeprojections for technology YES

improvements.

The contractor shall provide ECS Life cycle Cost RepofBD

in accordance with DID 213/SE2.

The LCC modekhall model cost sensitivearameters t¢ PARTIAL View #1: Since there is pho

providethe Government with theapability assess cost standalone model, there is ho

and schedule impacts of new or modified requirements. capability forthe government t
do this.

Cost sensitive parametershall include, but not be

limited to: new instruments, schedule changes, View #2: The "InteractiveCost

processing requirements, archive volume requirements, Model" partially fulfills this

number of granules, number of products, and

input/output loads.

requirement. The write-up in tHe
"PDR ModelingPlan" falls short
of the SOW requirements.

The LCC Model shall be continuously updated wit
actual performance data.

NYES

Changes have been mdde
between SDR and PDR.

The LCCModel, as well ashe results fronit, shall be
made available to the Government.

PARTIAL

Resultsand someparts ofmodel
have been delivered.However,
the entire model, in fact, cannpt
be made available, since dbes
not exist in standalone form.

EXHIBIT D-3: Cost Modeling Requirements Satisfaction Matrix
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APPENDIX E: LIST OF REFERENCES

The following documentsvere referenced in the assessment oEG& models or in the
preparation of this report:

1. EOSDIS Modeling Assessment Pldntermetrics, EOSDIS IV&V , Intermetrics,
September 14, 1994

2. EOSDIS Modeling Assessment Report (Draft PreliminaigDSDIS V&V
deliverable #1VV-0506, Intermetrics, October 7, 1994

3. Functional and Performance Requirements Specifications for the E&&sion A,
#423-41-02, HAIS, June 2, 1994

4. ECS Design Specifications for the ECS Project (Draft, Preliminat$94-207-01,
HAIS, July 1994

5. ECS User Scenario Notebodlechnical Paper #194-00311TPW, HAIS, June 1994

6. ECS User Characterization Methodology Resulghite Paper #194-00313TPW,
HAIS, September 1994

7. User Scenario Functional Analysigyhite Paper #194-00548TPW, HAIS, October
1994

8. User Characterization and Requirements AnalySite Paper #194-00312TPW,
HAIS, September 1994

9. AHWGP Workshop Presentation, at HAIS, September 1994
10. AHWGP Workshop Notes, A. Sanyal, SMSRC/Intermetrics, December 1994
11. AHWGP input files available from the EDHS/AHWGP ftp server, 1994-1995

12.Science Operations Concepts for EOSDIS: Part 1, Data Products Resource
Allocation, version 1.0(Draft Plan), S. Wharton and M. Myers, GSFC, August 1994

13.EOSDIS Capacity AllocationlWG Meeting Presentation by S. Wharton, GSFC,
October 1994

14.EOSDIS Output Data Products and Input Requirements; Interim Version,
SPSO/GSFC, July 1994

15.EOSDIS Output Data Products an Input Requirements, version 2.0, Volume II:
Analysis of IDS Input Requiremen8? SO/GSFC, August 1992

16.Science Data Plan for the EOSDIS (draff)atthew Schwaller and Brian Krupp,
GSFC, August 1994

17.Algorithm Theoretical Basis Documents (ATBCBOS Instrument Scientists,
compiled by SPSO/GSFC, January 1995

18.SDPS Performance Requirements InterpretatithlS, June 1994
19.HAIS PDR Modeling Plan, Version 1(traft) Mark Settle, HAIS, October 1994
20. HAIS Monthly Status Meeting Information Packages, August—December, HAIS, 1994

21.ECS Scientist User Survey (ESUB)¢chnical paper #194-00549TPW, HAIS, October
1994
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22.ECS User Characterization and Resul#\IS, May 1994

23.BONeS Designer User's Guide (for use with vers2o8), COMDISCO Systems,
December 1993

24.BONeS Designer Modeling Reference Manual (for use with verg@),
COMDISCO Systems, December 1993

25.BONeS Designer Core Library Guide (for use with versio@), COMDISCO
Systems, December 1993

26.COTS Cost Estimation Model for the ECS Projd@ghnicalPaper # 231-TP-001-
001, HAIS, December 1994

27.Bill of Materials Procurement Cost Model for the ECS Proj8achnical Paper
#231-TP-002-001, HAIS, December 1994

28.A Preliminary EOSDIS User ModeBruce R. Barkstromunpublished manuscript,
NASA Langley Research Center, Hampton, VA, 1991

29. System Design Review (SDR), presented at GSFC on June 27-28, 1994

30.Software Resource Estimating ProcedWenald J. Reifer, Reifer Consultants, Inc.,
March 1992

31.Leveraging Object-Oriented Development at AMESeg Wenneson and John
Connell, SEPG, Sterling Software at NASA Ames,
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APPENDIX F: TOOLS AND DATA BASES UTILIZED

This section describethe datébases andools used by IV&V team to assess the User,
Production, Performance afbstModels. Specifidatabases antbols usedincluding specific
version and operational environment, are provided in Exhibit F-1.

IV&V TOOLS ENVIRON- SPECIFIC DATA BASES MODEL
MENT
MS Excel 5.0 PCs HAIS EOSDIS User Scenarios User
AHWGP Processing Time lines v2.0 Production
AHWGP Processing Descriptions v2.0 | Production
AHWGP Volume Timelines v2.0 Production
AHWGP File Descriptions v2.0 Production
ATBD Data Product Summary Production
SPSO Science Data Plan Production
SPSO Output Data Products & Input Reéroduction
MS Word PCs All
MS Access PCs All
MS PowerPoint PCc All
Lotus Approach 3.0 PCs MTPE Data Base User
MTPE Landsat User Data Base User
MTPE USGCRP Researchrellowship| User
Data Base
BONeS 2.6.1 SUN, VT 110, Performance
220 (Emulator) Production
Novell Netware
LAN/WAN PCs All
LAN WorkPlace SUN, PCs, and
Internet Mac
SUN, PCs
SUN, PCs,
Mac
EXHIBIT F-1: Tools And Data Bases Used

In addition, the V&V Cost Model analyses utilized several specialized extetoals and data

bases:

COTS H/W and S/W EstimatienExternal sources were consulted to determinerehkstic
trends in price versus performandeor CPUperformance vs. time, Business Wealdy 4,1994
and NETLIB at Oak Ridge National Labs were consult&ar archive capacity vs. time the
National Media Labs Independent Report was utilized.
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Custom S/W EstimationThe comp.software-eng newsoup within the Internet newsystem
was used to query the software engineering community regarding estimation methodwitbr use
object oriented design.

Two software repositories were used to determineytpieal valuesor numbers of SLOC per
method: They are shown in Exhibit F-2.

REPOSITORY ORGANIZATION | DESCRIPTION

NIH Class Library | National InstitutesThe library described irthe booK
of Health "Data Abstraction and Objeg
Oriented Programming in C++" lyy
Keith E. Gorlen, Sanford M.
Orlow, and Perry S.Plexico
published by John Wiley and Sons.
FAST PPS Hased GSFC, Software Code implementing the packet
on the Telemetry| and Automation processing systenfor the Far
E:l?/(i:r%snsri:gnt (ngg;" Systems  BranchAuroral Snapshot Explorer missign

(Code 522)
SAMPEX CMS GSFC, SoftwareCode implementingthe command
and Automation management systefor the Solaf
Systems BranchAnomalous and Magnetosphgre
(Code 522) Particle Explorer mission

—
1

EXHIBIT F-2: Software Repositories Used To Determine SLOC

A CTA proprietary code countingtility named "sloc'was used to count sourliees of code
within the c++ repositoriesThis utility has beeestedagainst manuatounts and found to be
extremely accurate.

Operational Cost Estimation The comp.software-eng newsoup within the Internehews
system was also used to determine the availability of tools for estimation of O&M costs.
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